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BACKGROUND 


Since the first oil price shock in 1973-74 and the second one 
subsequently in 1979-80, a world-wide effort has been launched to 
develop more efficient methods for energy use and conversion pro¬ 
cesses. Several outstanding examples can be quoted of achievements 
in improving energy efficiency in several countries of the world, 
but most of these examples remain confined to the developed coun¬ 
tries. In the case of the EEC countries for instance during the period 
between 1973-1983 economic growth has taken place to the extent 
of 23% with an actual decline of energy consumption of 6%. In the 
case of Japan, achievements have been of an even higher order, with 
growth rates averaging close to 5% since the first oil price shock, 
and this has been accompanied by an actual decline in energy con¬ 
sumption. In the developing world in general and India in particular, 
however, while the potential for improved management of energy 
and attainment of higher energy efficiency remains very high it re¬ 
mains virtually untapped. Given the growth in capital intensity of 
the energy supply industry, it is imperative that a serious effort 
be launched nationwide for conservation of energy and attainment 
of higher efficiency in energy use. The prime candidate for efforts 
in this direction is the industrial sector of the country,since the imme¬ 
diate potential for savings in energy use with so called "housekeeping" 
measures is of the order of 15%. Further savings are possible with 
moderate levels of investment, but the rate of return from these 
investments is attractively high. 

INTERNATIONAL COMPARISONS 

In order to assess the overall nature of India's pattern of energy 
consumption we present in Table 1, shares of oil in total commercial 
energy demand for 1973-1983 for selected Asian countries. Given 
India's endowment of coal resources, the share of oil appears somewhat 
high, and in particular the decline in this share between 1973-1983 
is not appreciable. Table 2 shows energy and oil per capita for the 
same group of countries, and here it would be seen that India has 
increased its energy consumption per capita somewhat faster than 
oil consumption per capita. Accordingly, the slow increase in oil 
consumption does show the effects of conservation and the results 
of a policy of reducing dependence on oil in the Indian economy. 
Further, Table 3 shows energy and oil demand as a ratio of GDP. 

As against the above aggregate figures, Table 4 shows energy 
and oil intensity in the industrial sector. These figures stand out 
in contrast with aggregate figures for per capita consumption and 
for the economy as a whole. The Indian industrial sector is only 
second to China in energy intensity, and what is more serious, shows 
an increase which averages 3.7% during the period 1978-83, a period 
w lien conservation efforts should have been bearing fruit, particularly 
in response to the second oil price shock. Undoubtedly, India's indus- 
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triai base is very different from several countries of the region exclu¬ 
ding China, and therefore a direct comparison with say Indonesia 
or the Philippines would not be valid. But on the other hand a highly 
industrialised nation like the Republic of Korea, or for that matter 
Taiwan, shows much lower energy intensities despite the heavy indus¬ 
trial base in these two states. Even more notable is the reduction 
in energy intensity that took place between 1978-1983 in the case 
of the Philippines, Republic of Korea and Thailand. The major issues 
concerning energy use in the industrial sector that emerge from these 
figures and a deeper study of the reasons for existing disparities 
brought out in Tabled can be listed as follows : 

1) The entire structure of production in the country needs to be 
evaluated in terms of intensity of energy use and implied effects 
on demand for energy. 

2) The choice of technologies to be adopted both in those industries 
which have a high intensity of energy use per unit of production 
and those industries which have a high volume of energy use 
on account of large scale output, needs to be driven by a concern 
for energy efficiency. 

3) A programme for immediate implementation of housekeeping 
measures to improve energy efficiency and large scale retrofits, 
at least where capital expenditures are low, has to be taken 
in hand seriously. 

PATTERNS OF ENERGY USE IN INDIA'S INDUSTRIAL SECTOR 


The problem of energy efficiency improvements is of course 
endemic throughout the developing world and several actions and 
measures can be identified to bring about a substantial improvement 
in the existing situation. The potential of some of these measures 
was studied by the World Bank and identified as shown in Table 6. 
It would be seen that retrofitting and technical improvements are 
expected to yield the largest savings in energy use. 

To see the potential for some of these savings as applicable 
to India, we would now look at patterns of energy consumption and 
overall characteristics of energy use in India's industrial sector. These 
can be seen in terms of specific forms of energy consumed. Firstly, 
in the case of electricity, of which almost 60% is consumed by the 
industrial sector, the elasticity of electricity consumption has remained 
much higher than in several developed as well as developing countries. 
The figures for this variable computed as changes in consumption 
with respect to changes in value added in the industrial sector (inclu¬ 
ding mining and manufacturing) at constant 1970-71 prices shows 
the following values : 
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It would be observed that the largest increase in electricity 
intensity took place during the period 1964-65 to 1969-70. This was 
the period when a major shift took place in the heavy industries 
base of the industrial sector. If we were to project past levels of 
elasticity of electricity consumption with respect to industrial output, 
then with a 6.8% compound annual rate of growth in industrial output 
during the 7th Five Year Plan, we would arrive at demand for electri¬ 
city of 124 billion Kwh. A simplisitic assumption about constant elec¬ 
tricity elasticity, however, would not be valid in making future predic¬ 
tions. For instance, if we were to consider the perspective plan 
brought out by the Planning Commission with the 7th Five Year Plan, 
the structure of the industrial sector in the year 1999-2000 is expected 
to be very different from the present. The manufacturing sector 
itself is likely to increase gross value added from 15% of total output 
in 1984-85 to 20% in 1999-2000. This increase will be attained largely 
by a rapid increase in the output of petrochemicals and plastics, 
fertiliser, aluminium, electronics, telecommunication equipment and 
components In the case of the electronics industry alone, it is expec¬ 
ted that output would increase 25 times by the year 2000 over the 
level attained in 1984-85. The demand for energy, therefore, would 
be highly sensitive to the kind of industrialisation strategies that 
the country adopts and pursues If a high value added manufacturing 
strategy based on low energy consumption industries is pursued then 
a consequent decline in the electricity elasticity would be possible. 

In the recent document indicating the perspective for 2004-2005 
the Advisory Board on Energy has estimated electricity demand for 
the industrial sector at 280 billion Kwh and 367 billion Kwh for 1999- 
2000 and 2004-2005 respectively. If these estimates are to hold, 
then the demand for electricity in 1994-95 can be interpolated at 

around 185 billion Kwh, showing an increase of almost 50% during 

the 8th Five Year Plan period. Translated into additional generating 
capacity, this would amount to approximately 16,000 MW. If current 
estimates of cost per unit capacity are to be assumed, this growth 
of the industrial sector would imply a capital requirement of approxi¬ 
mately Rs.20,000 crores by way of capacity additions in the power 

sector. It needs to be assessed whether efforts in conservation would 
result in a lower per unit cost for reductions in capacity required 

keeping output constant. 

Coal use in the industrial sector is mainly in the form of coking 
coal for the steel industry and non-coking coal for the cement, paper 
and paper board, newsprint, vanaspati and brick industries. A large 
cluster of small industries generally accounts for around 20% of total 
coal consumption, but unfortunately disaggregated data on these is 
not available. Estimates for production in the iron and steel industry 
are set at approximately 28 million tonnes of hot metal in the year 
2004-05. If there was to be no improvement in the efficiency of 
coking coal use in the industry, then the demand in the years 1989-90, 
1994-95, 1999-2000 and 2004-2005 would be 41.1 million tonnes, 60 
million tonnes, 75 million tonnes and 88 million tonnes respectively. 
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A minimum reduction of about 10% is possible in the consumption 
of these quantities even with existing technologies and much larger 
reductions are possible with improved processes in the future. 

As regards consumption of non-coking coal, the biggest users 
are the cement, fertilisers, papers and paper board and brick indus¬ 
tries. Almost all the capacity to be added in future in the cement 
industry would rely on the dry process. But energy savings would 
be possible if Pozzolana cement is to be produced instead of ordinary 
Portland cement. Also, by using substitutes like lime, lime-pozzolana 
or fly ash mixtures, energy requirements can be reduced even further. 
In the case of nitrogenous fertilisers, future plants are not likely 
to be coal based, and as such the share of coal use by the fertiliser 
industry is expected to go down. In the case of the paper industry 
efficient heat recovery and cogeneration systems can normally reduce 
total coal requirement by 25-35% per tonne of paper produced. 

As far as petroleum products are concerned, the industrial sector 
uses oil products generally at a rate of 0.004 Kg per rupee of value 
added. If this norm was to continue unchanged then the demand 
in the year 2004-2005 would be 16.62 tonnes of petroleum products. 
Unfortunately data on use of petroleum products in the industrial 
sector (and most other sectors) is hardly adequate to make possible 
any analysis of consumption patterns and changes therein. A major 
effort in carrying out periodic surveys of consumption of oil products 
needs to be taken in hand on a regular basis. 

On the basis of the above projections, we can predict the demand 
for coal and petroleum products as shown below in Table 7. 


Table 7 


Year 


Requirement of Coal 
in the Industries 
Sector (Million 
Tonnes) 


1989-90 
1994-95 
1999-00 
2004-05 
Y ear 


89.2 

120.0 

150.0 

188.0 

Requirement of petroleum 
products in Industries 
as Fuel (in Million Tonnes) 


1989/90 

1994/95 

1999/00 


6.11 

8.53 

11.81 




It is evident from the rapid rate of growth shown in these figures 
that demand for energy in the industrial sector may not be met, 
given the constraints not only in the coal and petroleum supply indus¬ 
try but also other attendant infrastructure such as transportation. 
Consequently energy conservation assumes an importance overriding 
other elements of a long term energy policy. 
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AREAS FOR ENERGY CONSERVATION 


Combustion Equipment 


Steam System 


Electrical System 


Process Equipment 


Process Modifications 


Utilities and Off-Site Facilities 

- Compressed Air 

- Refrigeration 

- Cooling Water 

- Fuel Handling 

Services 

- Air Conditioning 

- Lighting 



HEAT LOSSES IN COMBUSTION 


ft Hydrogen in Fuel 

• Moisture in Fuel and Air 
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• Dry Products of Combustion 

- Excess Air 
— Flue Gas Temperature 


95 


85 



o 55 

(O 


H 


%COt oi 

■ I 
20 



0 * 


• Unburnt Combustibles 


STACK LOSS % 



HEAT LOSSES IN COMBUSTION EQUIPMENT 


• Generic Losses 

- Losses in Combustion 

- Radiation 

- Openings 

Air Infiltration 

• Equipment or Equipment Design Specific Losses 

- Product Support/Conveyor Losses 

- Materials/By-Products e.g. blowdown (boiler), slag (blast furnace) 

- Cycling Losses in Batch Operation 
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IMPROVING EFFICIENCY OF COMBUSTION EQUIPMENT 


Operating Practices, e.g. 

- Burner condition and performance 

- Excess air 

- Flame shape and heat distribution pattern 

- Heat transfer surfaces 

- Furnace temperature 

- Furnace draft 

- Loading 

Excess Air -Control and Reduction 

Waste Heat Recovery 

Insulation Enhancement/Replacement 

Combustion System 

- Low excess air burners 

- High velocity burners 

- Self-recuperative burners 



HASTE HEAT RECOVERY 


• Equipment modifications/additions are required 

• Three general methods 

- Preheat product, i.e. increase heat transfer to product within 
equipment, e.g. economiser on boiler, convection section on 
refinery heater, preheat zone on steel reheat furnace 

- Preheat combustion air 

- Heat another fluid or product stream, e.g. water, process liquids 
(steam can be raised by heating water in waste heat boiler) 

APPROXIMATE FUEL SAVINGS AS FUNCTION 
OF FURNACE EXIT TEMPERATURE 
AND AIR PREHEAT TEMPERATURE 












HASTE HEAT RECOVERY EQUIPMENT 


t Classifications can be based on 

- Equipment type, e.g, recuperator, economiser 

- Mode of heat transfer, e.g. radiation, convection 

- Flow configuration, e.g. parallel flow, counter flow, cross flog 

- Material, e.g. metallic, ceramic 

i Equipment Types 

- Regenerator 

- Recuperator 

* Heat Pipe 

• Haste Heat Boiler 

- Economiser 


Spray Recuperator 



HASTE HEAT RECOVERY EQUIPMENT 



GAS OUT AIR IN 



WASTE GAS 
















WASTE HEAT RECOVERY EQUIPMENT 



COUNTER-FLOW RECUPERATOR AND TEMPERATURE DISTRIBUTION. 



CROSS-FLOW RECUPERATOR AND TEMPERATURE DISTRIBUTION 


TYPES OF FLOWS AND TEMPERATURE DISTRIBUTION 




STEAM SYSTEM 


• Steam Leaks and Vents 

• Steam Traps 

t Insulation 

• Condensate Recovery 

• Flash Steam Recovery 

• Boiler Blowdown 

• Pressure Reducing Valves 

• Proper Steam Utilisation 

- Maintaining steam quality (dryness) 

- Proper utilisation of directly injected steam 

- Proper air venting 

- Steam utilisation in process at lowest practical pressure 




















































































































































































































































































































ELECTRICAL SYSTEM 


» Greatest savings through proper management of electrical loads 

» Electrical distribution system - savings realisable through 
elements of proper system design, e.g. 

- Selection of voltage levels 

- Conductor sizing 

i 

- Load centre transformers 

» Electric Motors 

- Largest users of electricity in industry 
~ Performance/Efficiency depends on 

- Motor characteristics, e.g. size, type, speed etc. 

- Application, e.g. actual operating load, duty cycle etc. 

- Service conditions, e.g. voltage variation, voltage unbalance 

Efficiency improvement measures 

- Proper load and application matching 
~ Variable speed drives 

~ Power factor correction 

- Replacement by more efficient motors (energy efficient motors) 



• Lighting 


- Reduction in illumination levels wherever possible 

- Turning off lights when not needed 

- Using efficient light sources, e.g. fluorescent lights, 
sodium vapour lamps 

• Power Factor 

- Poor power factor results in greater kilovolt-ampere (kV) load 
which limits permissible kilowatt (kW) load on utility 
distribution system 

- Low lagging power factors improved by applying capacitances 

• Electrical Load Management 

- Knowledge of utility rate schedule 

- Development of plant electric demand correlated with plant operation 

- Identification of peaks and causes 

- Peak demand reduction measures 

- Rescheduling operations to lower demand periods 

- Sequencing to spread effect over longer time, e.g. startups of 
equipment 

- Temporary curtailment of loads associated with 'reservoirs’, 
e.g. air compressors, induction furnaces, air conditioning 
equipment etc. 

- Overall load reduction 

- Replacement of oversized motors 

- Replacement of existing motors by energy efficient motors 

- Lighting efficiency and load 



PROCESS EQUIPMENT 


Proper selection, operation and maintenance affect efficiency of 

equipment such as heat exchangers, pumps, compressors, turbines, 

distillation columns, evaporators etc. 

Some examples 

- Monitoring heat exchanger surface fouling 

- Maintaining lowest possible condenser pressure to improve 
condensing turbine heat rate 

- Substituting multiple effect evaporator for single effect 

- Matching capauj-uy and head characteristics of pump or compressor 
to requirement by reducing impeller diameter, driver speed or 
driver rating 



PROCESS MODIFICATIONS FOR 


It 


Y CONSERVATION 


• Most of the energy consumed in a plant is transferred to meet a 

process requirement for work and/or heat 

• Approach to Process Analysis 

- How is energy utilised or generated within the process ? 

- Are reductions in levels of energy use possible ? 

- Can an alternative process or processing scheme be used ? 

- What are the interactions of energy, environment, and economics 
associated with potential changes ? 

- What effects would potential changes have on product quality and 
quantity ? 

• Second Law Analysis 

- Second Law of Thermodynamics - Conversion of energy from one 
form to another' always results in a net loss of quality 

- Actual conversion from heat into work is always less than the 
available work 

- High temperature heat should not be .degraded into low 
temperature heat without first extracting work 

• Examples 

- Heat integration of available energy sources and sinks 

- Power recovery from pressurised streams 



UTILITIES AND OFF-SITE FACILITIES 


Compressed Air System 

- Operating pressure(s) 

- Types and sizes of compressors 

- Capacity and load matching 

- Leaks and vents 

- Compressed air users/requirements 

Refrigeration Equipment 

- Types of compressors and controls 

- Operating temperature 

- Chiller/Condenser performance 

— Operate at highest chiller pressure/temperature 
and lowest condenser pressure/temperature 

- Condenser control 

Cooling Towers 

- Operating conditions 

- Feins operation and control 

- Hot water distribution 

- Tower performance 

- Pumps operation and control 



MEASUREMENTS AND INSTRUMENTATION 


Measurements are critical in any serious effort to conserve energy 

Purposes 

- Quantify energy consumption within the plant 

- Monitor equipment performance 

- Check equipment condition 

Examples of Measurements and Instrument types 

- Flow/Velocity : Orifice plate, Pitot tube, Venturi tube, Turbine 
meter. Vortex shedding flowmeter. Ultrasonic flowmeter 

- Temperature : Thermometers - Bimetallic, Resistance etc.. 
Thermocouple, Radiation pyrometer 

- Pressure : Bourdon gauge, Diaphragm gauge. Manometers 

- Stack Gas Analysis : Orsat apparatus. Oxygen analysers. Carbon 
dioxide analysers. Carbon monoxide analysers 

- Heat Flow : Thermography equipment 

- Electrical : Multimeter, Ammeter, Wattmeter, Power factor meter, 
Light meter 

- Steam Trap Testing : Stethoscope, Ultrasonic detector 


0 



ENERGY CONSERVATION MEASURES 
SHORT-TERM : 6 MONTHS TO 1 YEAR 

• Good Housekeeping, e.g. 

- Prevention of obvious sources of leakage of oil, steam, 
compressed air, water etc. 

- Prevention of air infiltration into combustion equipment like 
boilers, furnaces etc. 

- Reduction in heat loss from steam pipes, bare hot surfaces, 
furnace walls etc. by better insulation practices 

- Better air-fuel ratio control 

• Optimum loading*of combustion equipment through proper production 
planning and control 

• Recovery of process condensate 

• Proper scheduling of electrical loads to limit maximum demand, 
achieve high load factor, and improve power factor 

• Introduction of proper maintenance systems for boilers and furnaces 

• Training of boiler and furnace operators 

ENERGY SAVINGS : 10-30 PERCENT DEPENDING ON 

EXISTING LEVEL OF EFFICIENCY 

RECOVERY OF INVESTMENT LESS THAN 6 MONTHS 

AMOUNT OF INVESTMENT : NEGLIGIBLE 



TOMMY C0MITOVAT10K NTOtOTOB 

MEDIOM-TEBM : 2 TO 3 YEARS 


• Waste heat recovery devices like air preheater, economiser etc. 

• Instrumentation systems on boilers, furnaces and processes, 
including automatic control 

• Variable speed driven for electric motors, energy efficient motors, 
automatic electrical load management control system, capacitors to 
improve power factor etc. 

• Low-temperature heat recovery devices for central air-conditioning 
systems, process dryers etc. 

• Replacement of existing oil burners by low-excess air burners, 
firebricks by ceramic fibre etc. 

• Minor process modifications for greater efficiency 

ENERGY SAVINGS : 10-20 PERCENT 

RECOVERY OF INVESTMENT : 6 MONTHS TO 2 YEARS 

AMOUNT OF INVESTMENT : MODERATE 



ENERGY CONSERVATION MEASURES 


LONG-TERM : 5 TO 10 YEARS 


• Total energy systems 

• Computers for process control and energy management on real-time 
basis 

e First-order evaluation of technological developments in developed 
countries relevant to present practices leading to further techno- 
economic evaluation of attractive options 

e Induction of latest technology based on these findings 

e Total modernisation of management practices and technology of 
manufacture 

ENERGY SAVINGS : 30-40 PERCENT 

RECOVERY OF INVESTMENT : 3 TO 5 YEARS 

AMOUNT OF INVESTMENT : SUBSTANTIAL (CAPITAL INTENSIVE) 
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PLAKT - LEVEL ENERGY MANAGEMENT 


Introduction : 

The rising cost of energy in India over the past one and a half 
decades and its poor availability represents, for the industrial 
sector in particular, a major factor affecting its profitability and 
competitiveness. Plant level energy management is therefore a sound 
and sensibly approach to adopt by industry as a step to realising 
economies in the use of energy. This could, in most cases, 
translate itself to 15-20% energy savings in the short and medium 
terms itself. The advantages are not solely in the pecuniary gains 
achieved but also in the areas of improved quality of products and 
the environment. It also affords an opportunity for various 
departments to work in a multidisciplinary way that is quite 
different from the traditional manner that industrial production 
entails. 

The primary use for energy is to provide process heat and cold, 
drive equipments and machinery, lighting and transport. These end 
users employ a myriad of processes and present several energy 
conservation opportunities through interventions of a management and 
technical kind. These 'interventions 1 represent decisions and 
actions that owe their origin to studies and analysis conducted at 
the plant. 

Types of plant energy studies : 

Energy cannot be saved until it is known where and how it is being 
used. In most cases, the establishment of this baseline requires a 
comprehensive and detailed survey of energy uses and losses; this 
survey is referred to as the energy audit. Plant energy studies can 
be carried out in two sequential phases: the Preliminary Energy 
Audit (PEA) and the Detailed Energy Audit (DEA). Having conducted 
an energy audit does not, however, constitute in itself an energy 
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conservation program. A number of other conditions must also be 
met. First, there must be a will to save energy. Second, viable 
project must be evaluated according to the company's financial 
guidelines. Third, financing must be available, and fourth, plant 
management and staff must be committed to continuing the energy 
rationalization effort well beyond project Implementation, as the 
benefits of good projects can be lost as quickly as they are 
gained. Table 1 lists out some of the basic requirements for a 
successful Plant energy management program. 


Ener r Audit Concepts: 

It would be important to define the term energy audit at this 
stage. Although we have been using this term for the past few years 
an acceptable definition is yet to emerge. While some consider it 
as a financial term or statement in respect of energy consumption, 
others use it as a diagonistic tool for evaluation of energy 
consumption and strategic planning for conservation. The term was 
first used in USA in 1977 in connection with the Supplemental State 
Energy Consumption Program (S.S.E.P.). This was basically for 
determining mimimum eligiblity requirement for financial assistance 
from the state to Industry, hospitals, hotels, etc. In some 
countries like Japan, Taiwan and South Korea this has become a legal 
requirement like financial audit. The following definition can 
serve our purpose: 

"The energy audit serves to identify all of the energy streams 
in a facility and quantifies energy use according to discrete 
functions. It serves the purpose of identifying where and why 

a facility uses energy and identifies energy conservation 
opportunities.” 


As mentioned earlier energy audit can be carried out in two 

8 ! q w n i p *J ases: the PEA and the DEA. The PEA is essentially a 
data 8atherin * and analysis effort. It consists of two 
parts, the energy managament audit through which t*ie auditor 
becomes acquainted with investment decision criteria referencing 
energy conservation projects, and the technical energy a^it! The 

the PEA usea only availabl e data and is 
elatad without sophisticated instrumentation. The PEA is 
ondircte d in a very short time frame and relies heavily on the 

ener^s “ perienc «* lt focusses on obvious areas of improvement in 
gy savings such as steam leaks, compressed air l ea ks « nftr 

cotWi 00 * ln ® perative instrumentation, operational deficiencies of 

™ l t U ? naChlner7 - “0 forth. Thr'picll 

!!h 1IA PEA 8et of rec ommendations on immediate low-cost 

for conducting a PEA. ^ out nes t * le ste P* required 
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The DEA which must be conducted after a PEA, Is an Instrumented 
survey followed by a detailed plant energy analysis. Sophisticated 
lnsturments are used to enable the energy auditor to compute energy 
efficiencies and energy balances during typical equipment 
operation. The Instruments commonly used are flow meters, 
combustion gas analyzers , psychrometers, heat loss meters, etc. 

The actual tests performed depend on the type of facility under 
Investigation and the objective, scope and level of funding of the 
energy management program. Hence a DEA could take as little as 1 
man—week or as much as several man—years In a sophisticated refinery 
or fertilizer plants. 

Data Cti ~llatlon 

Typical forms £an be designed to collect data on consumption and 
costs of energy. Some of these forms are shown in Exhibits 1 
through 4. These forms obviously cannot be used for every 
Industry. In addition, they do not show the Interaction between 
energy-using systems (for example between the boiler, steam network 
and the steam consuming system). 

In most of the energy audit programs maximum difficulty Is 
experienced in data collection due to: 

- Inadequate Instrumentation (for example even where steam flow 
meter is available, pressure and temperature at the same point 
may not be available; 

— Historical data not available; 

- Poor accessibility to equipment; and 

— Plant operational and design data unavailable. 

Ener if efficiency determination 

The efficiency of energy use has two different, although not 
separate, components — technical efficiency and economic energy 
efficiency. 

The first component, technical efficiency, is often measured by the 
first law of thermodynamics, which provides a quantitative estimate 
of the ratio of useful heat output to energy input. The technical 
efficiency can also be evaluated by the second law of thermodynamics 
which considers quality of energy and Is often preferred when value 
judgements In energy efficiency must be made. Efficiency under the 
second law Is defined as the ratio of the least amount of energy 
necessary to achieve a particular objective to the anount of energy 
actually used to attain this objective. Because second law 
computation is a rather complex exercise. It is seldom required for 
the typical energy user and the technical efficiency according to 


/ 
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the first law is of more practical importance today. The second 
component, economic energy efficiency is not that well defined a 
concept in absolute terms. Rather, one refers to relative economic 
energy efficiency when a.n energy related decision such as fuel 
substitution in a furnace or cogeneration in a plant results in 
providing the same energy service at a lower cost. 

Actions to improve the technical energy efficiency would requires 

i. Experimental investigations to draw up energy balances of 
equipments and processes. 

ii. Following (i), developing operational procedures in the 
following areas: 

a. Improved design and construction 

b. Maintenance 

Let us take the example of a drier and examine briefly some of the 
areas that an energy auditor should address. 

The thermal efficiency of a drier may be expressed as, 
efficiency * Heat required to evaporate fluid from material 

Fuel imput 

In drying operation, heat must be supplied to: 

o Heat the incoming air 
o Warm the material being handled 

o Heat up the water in the incoming material and evaporate it 
o Make up for the heat losses by conduction, convection, and 
radiation 

The drier efficiency is determined by completing an energy or heat 
balance of the drier. Conducting a drier heat balance involves 
measuring a number of items as well as knowing certain properties of 
the material being dried. Information required includes: 

a. Material moisture content before and after drifer. 

b. Fresh air dry bulb/wet bulb temp. 

c. Exhaust air dry bulb/vet bulb temp. 

d. Heat (steam) supplied to heat fresh air 

e. Air flow rate 

E. Material specific heat 

{. Material through—put 
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Usitvg the above information and psychometric charts it is possible 
to balance mass and energy flow through the drier. Checklists have 
also to be prepared in order that certain house-keeping and 
maintenance procedures are followed. 

The Energy Mana: enent Structure 


The inten8ivene8B of energy usage by industry is a useful indicator 
of the need and type of energy management structure that may be 
devised. Some of the major energy intensive industries are - 

(1) Steel plains (primary steel plants, mini-steel plants, 
Integrated steel plants) 

(2) Metallurgical (foundry, forging, alumlnlmum, copper, etc.,) 

(3) Chemicals (organic, inorganic, petrochemicals, chloralkali) 

(4) Others (cement, refractories, ceramic, glass textile, etc.) 

All the forms of enterprises mentioned above can be associated with 
different levels of energy consumption from high energy consuming 
industries (e.g. steel, alumlnlmum) to lower energy consuming 
Industries (textile, tea). It is indisputable that energy 
management activities should be present in all of these enterprises 
with varying degrees of effort and concentration depending mainly 
upon the scope for energy productivity gains. The energy management 
activities for the most part would be common to all the enterprises 
in terms of the nature of the conservation actions initiated. 
Generally, the common measures, also known as horizontal approach to 
energy.conservation account for almost 60 to 70% of the potential 
energy savings in a plant. Conservation measures peculiar to a 
particular Industry and process known as the vertical approach 
towards energy management account for the remainder. Thus the 
Energy Management structure activities should be responsive to both 
these approaches. 

As a consequence of what has been discussed above. Industry should 
provide for an energy management structure. Fundamentally, this 
means that the personnel Involved in energy management should be 
empowered with the necessary authority in order to pursue their 
fundamental tasks related to: 

(1) Planning 

(2) Execution, and 

(3) Control, in the management of energy. 
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They should be associated with the nodal points of the policy 
planning and production activities of the enterprises at all levels. 

The Energy Management Structure may change depending upon the 
particular characteristics of the industry, its internal 
organization, its size and objective and even its geographical 
location. In a very large industrial plant which has several 
production plants, the energy management structure would necessarily 
have to be embodied in several departments and offices in one or 
more locations of its territory. In these circumstances, an Energy 
Manager at the top level will be the head of the department of 
Energy Management with its own staff and will coordinate the energy 
managers of the various plants the the lower levels. An 
Organization Structure illustrating this case is given in Exhibit 5. 


Enterprises of intermediate size may require a full time Energy 
Manager at the top level with possibly a suitable staff of full time 
or part time energy management personnel. The staff could be drawn 
from various departments and top management could form a committee 
of production heads to oversee the activities related to energy 
management. The committee approach has several advantages in that 
it draws upon the inherent talents within the enterprise and allows 
for a more democratic manner of functioning. An organization 
structure illustrating this case is given in Exhibit 6. 

In small enterprises, it may not be necessary to have an Energy 
Manager at all. Rather, the duty could be performed by a senior 
staff member with the assistance of a few junior engineers. An 
organization structure illustrating this case is given in Exhibit 7. 

In all the above cases, It Is extremenly important that the 
functional head of the Energy Management group has access to the top 
management. Hiarchially each energy man (Personnel In the E.M. 
group) should be sub-ordinate to the energy manger of his plant, 
whereas the energy manager is autonomous within the organization, 
between those responsible for generation and distribution of energy 
and those responsible for its use. It is also important that the 
energy management group has within it a wide spectr*jm of exprience 
and knowledge ranging from financial competence to technical and 
maintenance knowhow. The options and suggestions of consultants or 
of consulting agencies might be of use to enterprises of all types. 

pey can prove to be an important aid to the management of energy in 
an enterprise. 


““ 8eme “ t structure may vary tn terms of Its functions 

tooriw ™ industries as against in a projected new industry. 

if existing industry, energy management and 
conservation is achieved through: 


(1) Proper proceduree in operation and maintenance 

(2) A continuous evaluation of energy conservation opportunities 
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In the above the 'control activity' Is largely emphasised. 

In a projected new Industry, the energy management unit should 
provide the top management with Its analysis of: 

(1) The equipments and processes to be Installed 

(2) The Input - output fluxes of energy forms 

(3) The scope for process Integration, redesign and nature of 
production runs. 

In the above case, largely the 'planning activity' Is emphasised. 

The planning and control activities as separate components can be 
further understood by the following simple example In a existing 
plant: 

Example: In an Industry where boilers are Installed to meet the 

process steam requirements, the average efficiency was 
around 70%. Although at that time when the project 
was developed 70% was a good figure. In the present 
stage of technology and higher energy costs, an 
Increased efficiency Is both desirable and obtainable. 

The Energy Management Approach could Involve two case alternatives: 

Case 1: Where the residual amortization of equipment 

(boilers) is relatively higher than the fuel and 
maintenance costs 

In the above case particular attention Is to be paid 
to the achievement of targeted or design performances, 
even If they are not the best In terms of the present 
state of technology and high energy costs. Thus the 
'control activity' is emphasised. 

Case 2: Where the residual amortization of the boilers Is 

relatively low compared to the maintenance and fuel 
COSt8 

In this case, a new design of the total thermal 
generation and utilization areas has to be carried 
out. Mew high performance boilers may have an 
efficiency ranging around 90%. In addition, the 
possibility of co-generatlon could be examined. These 
opportunities should induce the energy management 
group to suggest the Installation of new utilities. 
Here, the 'planning activity' is emphasles. 

The control activities would be a routine job for the Energy 
Management group. An occasional activity would be the development 
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of norms, targets and goals of energy consumption through the 
application of energy audita. The specialized activity would be the 
planning intervention involving major energy project developments. 


The activities hitherto explained are an inherent feature of the 
functions of the energy manager. 


The Function of the Energy Manager: 

The functions of the energy manager can be broadly classified as 


(1) The Technical Function 

(2) The Managerial Function 

It may be mentioned that the above two components in actual practice 
cannot be isolated and the duties of the Energy Manager generally 
involves both of them. The technical function largely relates to 
the management of thermal energy equipments/processes and electrical 
energy equipments/processes. The energy management of thermal and 
electrical equipments are related to and depend upon the several 
kinds of energy using devices encountered in industrial energy 
management. Some of the are — 

Thermal equi -,ments Electrical equipments 


Burners 

Boilers 

Furnaces 

Driers 

etc. 


Motors 

Fans 

Compressors 

Pumps 

etc. 


The technical function of the energy manager is essentially to 
improve the technical efficiency of the thermal or electrical 
equipment. The concept of technical efficiency has been touched 
upon earlier. 


The managerial functions of an energy manager may change with the 
size and the type of the organization. But, they should include 
some or all of the following: 

(a) To develop an Energy Accounting System 

(b) To coordinate the effort of energy users 

(c) To give technical advice on the energy saving equipments and 
procedures 


(d) To identify possible energy conservation opportunities 

(e) To train energy users and stimulate Interest in energy 
conservation 
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(f) To plan and participate in Energy Audita 

(g) To survey and review the literature on energy developments and 
properly disseminate this information 

(h) To make plans for energy emergency or cut-backs. 

Organising for Energy Management Data Base: 

If the energy Manager Is to fulfil these functions, an Energy Data 
Base Is an essential prerequisite. Record keeping, energy 
accounting systems and surveys within the company In the fashion of 
an energy audit provide the data base for any Energy Management 
program. A corollary to this is that the energy manager must he 
given access to all Information related to the energy flow In the 
industry. Development of an energy data base Is a continuous task 
and the planning and conduct of energy audits Is perhaps the initial 
step. It may not be necessary for the energy manager or his team to 
conduct the energy audits. Rather, the work could be left to a 
core-group of engineers within the plant or the asssltance of a 
consultancy agency may be sought. It is to be mentioned that energy 
audits are merely an aid to optimising energy usage and not an end 
by itself. It Is Important to reiterate certain Important 
guidelines regarding the procedure for energy audit as well as the 
means for identification of energy saving opportunities. 

Energy Accounting: 

Particular records related to energy consumption should be kept. 

They are: 

(1) The cost evaluation of different forms of energy 

(2) Energy consumptions strictly connected to the process (e.g. 
electricity in electric arc furnaces, steam consumption in a 
stenter, etc.) 

(3) Energy consumption related to utilities (e.g. electricity 
consumption for water pumps, air compressors, refrigeration 
compressors, etc. 

(4) Energy consumption related to general services such as for 
lighting. 

(5) Energy consumption related to comfort conditions l.e. 
electricity for HVAC systems, etc. 

It is important to realize that energy accounting or record keeping 
are required not only as a consequence of energy audits during the 
initial stages of the planning phase but also after the energy 
saving strategies have been applied during the control phase. 
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The monitoring of energy consumption should be continuous and the 
records of accounting systems uniform and maintained in consistent 
units. Deviations in energy consumptions must be carefully analyzed 
and explanations sought. Careful monitoring over a period of time 
would help the energy manager to understand his equipments better. 

Identification, of Energy Conservation Opportunities: 

Energy saving opportunities within an industry fall under the 
following three categories: 

(1) as a consequence of deterioration in equipment performance over 
time 

(2) As a consequence of up-gradation of technology 

(3) As a consequnce of changed plans for the production of goods or 
services. 


Where an energy conservation opportunity presents itself, it falls 
under either of the two categories: 


(1) As a result of house-keeping measures, which generally involves 
little or no capital investment. In this circumstance, the 
energy manager should promptly take necessary action. 

(2) In the second case, the conservation opportunity involves an 
investment in equipment redesign or retrofit. In the case the 
energy management structure in the enterprise must involve 
Itself in a feasibility study based on the data base 
established through detailed energy audits. 


Finally, a point may be made on the readability of the energy 
reports which an energy manager would have to issue from time to 
time. The energy report has to cope itself with different demands 
for readability. For instance, an engineer in a production 
department would be interested only in the energy consumption 
relevant to his product. • p 


The Purchasing manager may be Interested only in the evolution of 
fj 1 ?**; vheraaa tha the General Manager In the same 
nrodiJ? a° * interested both ln energy consumption per unit of 

co^s and'ef^^! 8 ““P Prl “ 8 alnca he 18 responsible for overall 
efficiency. Several times It has been noted ln Industry 
that energy reports have not been carefully compiled to meet the 
demands of various users in the plant. P * 

Conclusion: 


t ^ ie , need for energy conservation has been well recognized in 
Indian industry, the Energy Manager has not yet been precelved to 



- 11 - 


play a distinct role in company affairs. It is observed that in 
industries where cost of energy has a crucial impact on the cost of 
production and profitability, their response to higher energy costs 
is often limited by the lack of an institutionalized energy 
management structure to apply the technical options that are 
available for reducing their energy costs. These technical options 
require planning and control interventions of a specialized nature. 


9 
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It may not always be possible for the existing functional 
departments in industry to take upon itself the responsibility of 
management of energy. 

The paper while discussing the objectives and features of energy 
auditing, focussed the need to develop an Energy Management 
structure in industry and outlined the expected functions of the 
energy manager. It is hoped that the views presented would provide 
Industry with some guidelines in its task of establishing Plant 
Energy Management programs. 


Note: The author would like to recohd his appreciation to 

Ms. Jasvinder Kaur for her assistance in typing and editing the 

manuscript. 
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Table 1 


Basic requirements for successful plant energy management program 

o Commitment at Corporate Level to Energy Conservation 

- Resources, personnel, funds 

o Optimum use of resources 

- Intercompany Information system 

- Centralized technical support 

- Facilities management training 

o Identification of opportunities 

- Quiclf payback Items 

- Capital intensive projects 

- Evaluation and relationship to production 

o Implementation of projects 

- Self-financing 

- Capital project selection 

- Specification and bid 

o Establishment of operational criteria 

- Optimum production/energy targets 

- Operations and maintenance procedures 

Monitoring and Targets 
— Evaluation 

- Re-evaluation 


o 



Table 2 


Steps In conducting a preliminary energy audit. 

1. Organize resources 

o Manpower/time frame 

o Instrumentation 

2. Identify data requirements 

o Data forms 

3. Collect data 

o Conduct Informal Interviews 

o Conduct plant walk-through 

4. Analyze data 

5. Develop action plan 

o Immediate conservation actions 

o Projects for further study 

° Resources for detailing energy audit 

° Refinement of energy management program. 
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TABLE FOR THE INVENTORY OF THE EQUIPMENT 
CONSUMING ELECTRICAL ENERGY 












BON CHART OF A LARGE ENTERPRISE WITH TWO PRODUCTION PLANT? 
(Arrows indicate as to whom the Energy Manager could report to) 




















ORGANISATIONAL CHART OF A MEDIUM SIZE INDUSTRY 



ENERGY MANAGER 










ORGANISATION CHAPT of 




Exhibit 7 







ENERGY CONSERVATION IN 
PETROLEUM REFINING INDUSTRY 

OPPORTUNITIES AND ACHIEVEMENTS 




ENERGY UTILIZATION PROFILE 

(tNPOT IN equivalent fuel tonnes/pay) 

1 



HEW UNIT 

0U> UNIT 

OLD 'ONiT WITH 

• 



conservation 

FUEL 

224-2 

352*5 

32 8*7 

STEAM 

56- 2 

23-9 

27*3 

POWER 
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Total 
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FUEL IS THE LARGEST CHUNK OF ENERGY INPUT 
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ENERGY CONSERVATION OPTIONS INCIIIDF 

-INCREASED 'CRUDE PREHEAT 

-INTEGRATION 4 MAXIMISATION OF LOW LEVEL HEAT RECOVER/ 
-ADDITION 4 MODIFICATION OF EQUIPMENT 

- CHANGES IN PROCESS -fiARAMETERS 

- CHANGES IN TECHNOLOGY- 

- COGENERATION 

- FLARE GAS RECOVERY 

- GOOD HOUSEKEEPING 
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ENERGY CONSERVATION SCHEMA ' SRWED 
AIM FOR ,„ , 

•MINIMISING FUEL CONSUMPTION 

• minimising Feat loss to coolers 

TYPICAL BENEFITS 

.EACH 10'C PREHEAT IN A GMMVYR REFINERY 
SAVES - 3500-MO AfT/YR -OFFUEL, "y 
. PREHEATING 100MV'HR OF BFW T014$L 
SAVES -10000 T/YR OF FUEL 
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MODIFICATION ADDlTIONQFEQUlPMENT FDR 
IMPROV ED THERMAL EFFICIENCY , 


• ADDITION OF AIR PREHEATERS* 

. USE OF PREFLASH DRUM 
. USE or VACUUM PUMPS 

. USE OF EFFICIENT TOWER INTERNALS 
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CHANGES IN TECHNOLOGY /PROCESS VARIABLES 


■ USE OF DRY VACUUM TECHNOLOGY IN PLACE OF 
WET VACUUM * 

9F !MEf[ §/F MM IN Extraction masses, 
\ 

USE OF MULTIPLE EFFECT EVAPORATION 





USE OF DRY VACUUM IN VACUUM DISTILLATION 




EFFECT OF REDUCTION IN S F RATIO, 
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OPERATING CONDITIOMS: 
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plTURF. OPT IONAL 

-USE. Of TEMPERED WATER LOOP TO PREHEAT BfW 

-INTEGRATION Of PROCESS UNITS C TPS 

- SWITCHOVER TO ELECTRIC TRACING 

- USE OF LOW PRESSURE life! AIR SYSTEM 

- higher cooling water temp rise. 

- antifoulants for improved hx performance 

-ADVANCED COMPUTER CONTROL 
-FLARE GAS RECOVERY 

-RECOVERY OF VAPOURS FROM TANK VENTS /LOADING GANTRIES 



ENERGY CONSERVATION IN 

REFINERIES 


MAX POTENTIAL IN 

— HEAT EXCHANGER TRAIN QPTrMISATION 

— efficiency improvement of furnaces 

V 

a BOILERS. 



FEED PREHEAT ft RECYCLE HEATJUFfLUENTS 


YEAR 

"Crude to heater 

PRODUCTS 
TO COOLERS 

1960's 

180-200’C 

150-170'C 

1970s 

225-250’C 

tOO-tSO'C' 

1980s 

250-275°C 

60-100 X 

. * 

Current 

1 

275-300X 

50- 90X 

in a 3 MM tonnes per annum refinery 

» 


Each 10‘C crude preheat:—2.2MM kcal/hr absorbed 


-2.5MM kcal/hr fired 


-2000 TPA fuel 


At US dollars 150/tonne—0.3 million dollars/year 
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NEW DELHI 














EFFICIENCY 


HEATER EFFICIENCY 



DECREASING FLUE GAS 
OUTLET TEMP. 






SLIP-STREAM AtR PREHEAT SYSTEM 



/ AIR PREHEATER 
EXCHANGER 
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AIR PREHEAT EXCHANGER / FORCED DRAFT JAN 



AIR-PREHEAT EFFECT OIM FURNACE OPERATION 


— Pressure Profile 

• FD Fan for Air Ducts, APH & Burner 

• ID Fan for Convection Section, Duct,-ApH & StaCk 

— Temperature Profile 

• Increased Flame Temp (Coil Supports) 

• Increased Radiant Flux (Sensitive Stocks) 

— Excess Air Reduction 

#, Increased Emissivity (H*0. CO*) 

• Decreased Convection Section Duty. 




RETROFIT CONSTRAINTS 


1 Process Parameters 

— Superheater Performance 

2 Space Restrictions 

— Safety/Maintenance 
— Best Solution Not Possible 

3 Use of Recovered Energy 
— Steam User 

4 Down Time Allowed 



CASE STUDY 




CLIENT : BHARAT PETROLEUM CORPORATION LIMITED 
CAPACITY : 6 MTPA Bombay high crude (1984) 

■ M - ■■■ — i < 

ENERGY CONSUMPTION : 


Existing Design : 2.64% Wt. of crude 
With modifications : 2.21% Wt. of crude 
Savings/year : 25,800 tons of crude 

CAPITAL Annual 
INVESTMENT Savings 

PROPOSED MODIFICATIONS : In million Rupees 


1 . 

New heat exchangers 

4.8 

11.4 

2. 

Air pre-heaters for C.D.U. 
heaters 

21.0 

41.6 

3. 

Air pre-heaters for 

6.0 

2.1 


Boilers 



4. 

Replacing FPU heater 

30.0 

21.9 

5. 

CO boiler x, 1.2 MW turbine 

20.0 

159 


* Includes basic equipment & components cost only. 
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HgATEXCHANGERS 

CLIENT : BHARA+ PETROLEUM CORPORATION LIMITED. BOMBAY 
ALTERNATIVES 

(Present Crude Pre-Heat Temp-188°C) 

1 IDEAL CASE-REDESIGN TRAIN 

Preheat temp, could be increased to 232°C 
however not practical due to space constraints 

2 REPLACING WITH LONG-TUBE EXCHANGERS 

1 ____ ■■ _ . ■ . ■ ■ — 

Present exchangers have 4.8 m long tubes, 
increasing length to 6 m increases area by 25% 
and crude terminal temp, can be 204 <> C. Existing 
bundles when requiring replacement could be 
replaced with longer tube bundles since space is 
available 

3 OPTIMIZATION WITH ECONOMICAL CHANGES 

<3*..r, —‘ 

Relocating some of the existing heat exchangers, 
addition of 4 new exchangers with piping 
modifications can increase pre-heat to 200°C, 
recovering 4.75x10« kcal/hr. Studies also revealed 
that pressure drops in some heat exchangers 
could be reduced with slight modifications 



CASE STUDY 

C.D.U. HEATERS 

CLIENT : BHARAT PETROLEUM CORP. LTD. 



• 

HEATER-B1 

HEATER-B2 

a 

z 

Type 

Box-Type 

Forced Draft 

Duty-10 6 kcal/hr 

39.0 

41.7 

h 

Fuel . 

LSHS/S.R./GAS 

CO 

x 

Excess Air-% 

45 

45 

LU 

Efficiency- % 

69.7 

68.0 


Flue exit Temp. *C. 

500 

545 


AIR PREHEATER WITH 

«• 

• 

CO 

z 

o 

EXTERNAL CONVECTION SECTION 

Duty 10« kcal/hr 4.83+1.0 

5 16+2.1 

£ 

Flue Temp. in/out 0 C 

500/204 

545,204 

5 

o 

Air Temp. in/out 0 C 

30/325 

30/325 

< 

r\ 

F.D. jF^n Power kW 

70 

85 

— 

LD. Fan Power kW 

120 

140 

T 

Excess Air % 

10 

10 


Efficiency % 

89 

89 .. 


SAVINGS FUEL OIL TPA 

9709 

11574 




NEW EXISTING 


CASE STUDY 

FPU HEATER B-l 

CLIENT : BHARAT PETROLEUM CORPORATION LIMITED 


Type 

Box-type forced Draft 

Duty 

* 

19.4x10 kcal/hr. 

Fuel 

LSHS/S.R./Gas 

Excess Air 

150% 

Efficiency 

65.2% . 

Flue exit temp. 

450°C 

Heater 

Duty 

27.2x10 kcal/hr. 

Excess Air 

10% 

Efficiency 

90% 

Air-Preheater 

• 

Duty 

2.4x10 kcaj^hr. 

Flue temp, in/out 

450/2^)4*0 *■ 

Air temp, in/out 

*30/325°C 


SAVINGS FUEL OIL 6559 TPA 




NEW ADDITIONS EXISTING 


CASE STUDY 


BOILER 

CLIENT : BHARAT PETROLEUM CORP. LTD. 


Duty # 

10* kcal/hr. 

167* • 

Fuel 


L.S.hf.S./S.R/Gas 

Excess Air 

n 

60 

Efficiency 

% 

80.4 

Flue exit temp. 

c 

310 

AIR PRE HEATER 

Duty 

10* kcal/hr 

1.29 

FJue Temp, ift/out 

C 

310/204 

Air Temp, in/out 

C 

30/153 

F.D. FAN Power 

kW 

40 

I.D. FAN Power 

kW 

70 

Excess air 

0/ 

o 

60 

Efficiency 

% 

85 

1 SAVINGS FUEL OIL TPA 

pm .»*• 

* 

' 

102 8 


% 




CASE STUDY 


CO BOILER + TG SET 

» 

CLIENT : BHARAT PETROLEUM CORPORATION LTD; 


0 

hJ 

525 

Xco 

Ul 




Steam 

12.6 TPH 

Pressure 

21 BAR 

Flue inlet temp. 

620 C 

CO BOILER 


Steam 

24.0 TPH 

Pressure/Temp. 

50 BAR/400 C 

Flue temp, in/out 

940/250 C 

Fuel oil fired 

160 kg/hr 

TURBOGENERATOR 


Power 

1.2 MW 

Back Pressure 

16 BAR 

Additional steam 

92000 TPA 

Power 

9.5x10®kWh 

Fuel oil Fired 

(1280 TPA) 




GAS 


in 

m 


CO. BOILER 
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ENERGY CONSERVATION 


f— 

P.&D.OIVN. 1 

BY H.H. JETHANAMDANI 



1*0 Energy it basic to production end its officiant use to 

productivity* Its scarcity lloltc growth* Economic use of 
energy Is vital for sustaining the very teapo of developeent* 

Slide 1 shows price escalation index froe RBI bulletin 
Jan* BE* This shows that Energy costs are rising auch faster 

than prices of other goods/cnaaodltles and this pattern will 

continue in this country for atleast next twenty years* 

Power shortages and cuts will also continue* It has been 
estlaated that while it costs Rs*l*25 crores per MW to 
create additional generation capacity, it costs Rs*30 to 40 
lakhs to adopt Energy Conservation aeasures to save 1 HW 
power* Econoaicelly therefore Energy Conservation aeasures 
need aore attention* 

Slide 2 shows the increase in price index of selected essen¬ 
tial coaaodities* Price index of coal and electricity Is 

higher than other coaaodities* 


2*0 Pulp and Paper Industry is one of the largest consumer of 

energy. Energy costs constitute nearly 20-24% of production 
cost in India against 12-14% in advanced countries* 

Table 1 shows how energy costs at Ballarpur and Jagadhrl have 
been rising: 


TABLE 1 : 

Energy 

Costs/Ton of 

P a - er 



79-80 

80-81 

81-82 

82-83 

83-84 

84-85 

85-86 

Ballarpur 672 

837 

1218 

1296 

1623 

1677 

1683 

Shree Gopal 1151 

1272 

1091 

1357 

1764 

1931 

2192 


The increasing cost of energy should therefore becoae a con¬ 
cern of every body* 


Table 2 below shows how the purchased energy at Ballarpur and 
Jagadhrl have been controlled by various energy conservation 
aeasures* (These fig* include about 0*15 K K Cal/ton of 
Energy on effluent treataent)* 

TABLE 2 : Purchased Energy NKcal/Ton of Pa»er 

Jul-Aug 

:1—82 82-83 83-84 84-85 §5-86 86_ 

Ballarpur 13*7 . 12*8 13*45 .12*7 10*82 10*60 

Shree Gopal — 12*72 13*22 12*46 12*75 12*34 
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3*0 All ovtr the world Piper Industry has aide outstanding 

achieveaents In Cnargy Productivity* Publlshad flguras of 
Aaerlcan Pulp i Paper Industry show following achieveaents. 


TABLE 3 

: finer•y 

fieures 

of Aaerlcan Industry 








Purchased 

«!■ 



1983 

% 

197 

% 

Purchased 

electricity 

6.4 

9 

4*4 

Wood residues 

9.8 

2.0 

Coal 

13.9 

10*6 

Bark 

5.5 

4.5 

Residual fuel 
oil 

9*4 

21.2 

Spent pulping 
liquors 

38.1 

33.4 

Distillate 
fuel oil 

0.3 

1*1 

Hydro elec¬ 
tricity 

0.5 

0.4 

Gas 

14.6 

20.9 




Other 

1.0 

1.3 

Other 

0.5 

0.5 

TOTAL 

45.6 

59.5 

TOTAL 

54.4 

40.5 


This shows: 

- Increased use of self generated and residue sources of 
energy froa 40.5%, an increase of 34*6%« 

- Reduced oil consusiption by 55%. 

- Reduced total consuaption of fossil fuel and purchased 
energy by 23%. 


4*0 We started of with a check list of Aaerlcan Pulp A Paper 

Institute and Canadian Pulp A Paper Institute* Annexure *A* 
lists various energy conservation ideas. 


Soae of the case studies of Energy Conservation Masures at 
Ballarpur Industries Liaited are given below. 
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5.0 
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5,1 Energy Requirement In Digestor 

An energy balance was done on Voith Digestor to check on the 
actual steam consumption versus theoretical steam consumption. 
The steam consumption was 2.6 MT/Ton of Pulp when this study 
had started. Table 5.1 shows that we require 2.40 Iff per 
ton of pulp at a bath ratio of 3.9 and 2.22 Mr per ton of 
pulp at a bath ratio of 3.5. These calculations further led 
to analysis of other areas where energy was not utilised 
efficiently. 

These areas were: 

Ca) Proper maintenance of air vent valves. 

(b) Avoiding use of superheated steam as it resulted 
in poor heat transfer coefficient. 

(c) Change of chip packing method to increase capacity 
per batch. 

(d) Improved insulation of dlgestor, pipelines etc. 

All these measures particularly increased chip packing reduced 
steam consumption to 2.0 T/ton of pulp resulting in saving of 
Rs.32.0 lakhs/annum. 


5.2 Optimization of blow heat recovery and other operations 
In Pul - mill 

During the blow of digestor, sudden decrease in the temperature 
releases steam which could be recovered and used for heating 
the water for brown stock washing. 


Total weight of Black liquor » 


Weight of Pulp ■ 

Heat available from: 

(a) Pulp • 

(b) Black liquor • 

(c) Digestor Shell * 

Latent heat of vapour at 100°C 

m 

•I Steam available per blow ■ 


Black liquor from 1st stage 

♦ black liquor in 2nd stage 

♦ white liquor ♦ Injected 
black liquor chips water 
lignin 

76.10 tonnes 
7.75 tonnes 

.15 MK Cal 
4.0 MK Cal 
.20 MK Cal 
and 1 atm pressure 
.539 M Cal/tonne 

4 35_ 

~. *9 

8.1 tonne steam 




TABLE 5.1 s VOITH DI6ESTER-STEAM/COO 
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Heat input/Cook 
in present 
operations 


-* 

Heat input/Cook 
with reduced 
bath ratio and 
increased B/Li 
W/L Temp, 


1. 

Bath Ratio 

3.8 

3.5 

2. 

White liquor temp 

B2°C 

85°C 

3. 

Black liquor 

75°C 

78°C 

4. 

Steam during blow 

« 

1000 kg 

BOO kg 



K.Cal 

K.Cal 

1. 

Chips Heating 

7,36,032 

7,36,032 

2. 

Moisture 

5,30,400 

5,30,400 

3. 

Black Liquor B/L let 
stage 

19,26,925 

18,21,820 

4 . 

Remaining fi/L 1st Stage 

3,60,360 

3,60,360 

5. 

White liquor 2nd stage 

29,42,940 

26,41,459 

6. 

Black liquor 2nd stage 

7,28,726 

3,52,352 

7. 

Digester shell 

1,22,146 

1.22,148 

a. 

Insulation 

10,800 

10,000 

9. 

Radiation Losses 

1,10,363 

1,10,363 | 

10. 

Relief 

5,00,000 

5,00,000 

11. 

12. 

Unaccounted for 

2,20,750 

2,20,750 

i oxaJL 

81,86,646 

76,05,664 


13. 

Steam/cook 

'16,864 kgs 

15,633 

14 . 

Stoam for blowing 

1,000 

800 

15. 

Total steam/Cook 

17,864 kgs 

16,482 

16. 

Steam/T Pulp 

2.4 MT 

2.22 MT 




W*"'" 

*'r 
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In addition to this 1 tonno of steaai la uaod for blowing tho 
cook. 

Stop* taken to Improve blow heat : 

(a) Modification In blow tank to avoid carry ovar of flbraa. 

(b) Regular cleaning of traya. 

(c) Maintaining circulating condenaor water teaiperature. 

(d) Ensuring regulalte capacity of circulating water puaip. 

Meat releaaed during each blow ■ 5.4$ MK Cal/Cook 

or 5.00 MK Cal/hr 

Heat requirement for heating the water from 30°C to 65°C for 
brown atock washing plant. 

Earlier only 2 MK Cal/hr was recovered. With the above 
stated steps we have been able to avoid the steam usage for 
brown stock washer. 

This Beans a saving of Rs.320/- per hour, or a saving of 
Rs.25 lakh per annua. 

5.3 Steam retirement on PM 6 

The average production is based on 1.8 tonnes per hour. 

% Moisture input to dryer » 62% 

% Moisture at Pope reel » 3% 

B.D. paper ■ 1.746 tonnes/hr. 

Total quantity of water ♦ fibre entering ■ 4.595 tonnes/hr. 
Quantity of water entering • 2.849 tonnes/hr. 

Quantity of water evaporated » 2.795 tonnes/hr. 

(1) Heat with incoming paper 

- 1746 x .33 x 35 ♦ 2,849 x 1 x 35 
« 133893 KCal/hr. 

.2) Heat with outgoing paper 

• 1746 x .33 x 65 a 54 x 1 x 65 

- 40962 K Cal/hr. 

[3) Heat required for ever ^r at ion 

- 2795 kg/hr x 550 

- 1537250 K Cal. 
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(4) Heat with incoming air 

- 3 x 4200 x 1*293 x *242 x 35 

- 137992 K Cal/hr* 


(5) Heat with outgoing air 

- 3 x 4200 x 1*293 x *242 x70 

- 275984 K Cal/hr. 

Heat Loss due to radiation and convection 


There are 17 paper driers and 4 felt dryers on machine Mo. 6 . 
For a surface temperature of 100°C, it is estimated that: 

Radiation losses * 505 KCal/M 2 /hr 

Convection losses • 320 KCal/M 2 /hr 

Total losses?: ■ 1,85,000 KCal/hr 

Total heat required ■ 1747 311 KCal/hr 

St ** r,<,ulr * <J . 3354 ton of .too. 

If size press lsiworking then approximately 0.30 ton of 
water is added per ton of paper which has to be evaporated. 

•• Total steam required ■ 3894 ton of steam per hour. 

Steam consumption per ton of paper * 2.18 ton/ton of paper. 

In dandy we require approximately 0.5 ton/ton of paper 
on Machine Mo. 6 ^ 

Total theoretics 1 steam consumption « 2.86 ton/ton of 
jj paper• 

| The moving average of steam consumption of Machine No .8 

was 4.21 ton/ton of paper in the month of May 1985, which 
was reduced to a moving average of 3.15 ton of steam/ton 
\ of paper by taking various measures. 

On Paper Machine No .8 there was a provision of using flash 
steam only in first 3 dryers. After closing the condensate 
vent valve the pressure in the tank was rising as high as 
0.8 kg/cm 2 gauge. There was a tendency of opening live and 
flash steam simultaneously in the same dryer as a result 
live steam was rushing into condensate tank. This resulted 
in flash and sode live steam to get vented. Even after 
shutting live steam valve there was a residual pressure in 
condensate tankdiin the range of 0.2 to 0*4 kg/cm 2 * Subse¬ 
quently a flash,steam connection was provided to additional 
dryer No.4* This gave full utilisation of flash stems in 
the range of 280 to 300 kg/hr. 





m 
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5*4 Boiler Efficiency 

Host of coal fired hollars in India are operating at low 
efficiencies and quite often no attempt is made by operating 
depth to determine as to where the losses are occuring. 
Provision of additional facilities like ultimate analysis 
of coal, Orsat apparatus, use of portable flue gas analyser. 
Bomb Calorimeter are absolutely essential. Insistence on 
periodic efficiency monitoring can bring about significant 
improvement• 

Provision of O 2 /CO Online analysers can help efficiency 
Improvement of $-3%. Use of microprocessor combustion 
controls can further reduce losses by l-1f%. 

By scrapping old chain grate stoker/stationary grate boilers 
with spreader stoker boilers, we have improved coal to sterna 
ratio considerably and achieved saving of Rs.42 lakhs annually 
but our boiler efficiency continues to be still low i.e. 

66-70% as against our target of 72%. 

An improvement of efficiency by 4% would give us saving of 
Rs.30 lakhs/yr at Ballarpur Unit. The measures in hand are: 

1. Periodic efficiency testing. 

2. Microprocessor controls on boilers. 

3. Installation of oxygen analyser and use of 
portable flue gas analyser to determine air 
leakages. 

4. Controlling air distribution to grate particularly 
at low loads. 

5. Use of hydraulic cleaning of boiler tubes to 
improve heat transfer. 

6. Reduce losses due to blow down etc. 


5.5 Pumps 

The pumps alone consume about 40 to 50% of the total energy 
consumed per tonne of paper. In most cases it has been 
found that pumps are oversized and design characteristics 
do not match system characteristics. A review of pump 
siting can lead to significant savings. As a first step 
one can lnstal pressure gauges and determine pump differen- 
| tial head (actual) v/s design. This can itself give lot of 

1 dues. 


t 
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Ci) Kill water puaplng fro* puap house 


In Pu*p House the Main distribution header pressure was 
Maintained at 3.2 kg/ca* »o that sufficient water l« 
available to all section of Mills including pulp Mill 
having highest operating floor connected to this header. 
This was as per recoMMendation of H/s. Voith and 
accordingly puaps were selected to operate at duty point 
•A v as shown in the curve. 

Later on after fcoee years a separate puep was installed 
having a total head of 40 H to cater to only Pulp Hill 
requireeent and the header pressure was brought down 
fro* 3.2 kg/c* 2 to 1.8 to 2.0 kg/ca 2 so that sufficient 
w «ter is available for all the balance sections. 


A detailed study was conducted by Unit Technocrates and 
Energy Conservation Cell on Hill Pu*p House tdtlch revealed 
that the pueps were working a total head of 25 H only as 
shown in the curve "Point B" and in this region the puep 
efficiency and power consunption cannot be predicted. 


The total water consueption at this pressure were calcu¬ 
lated and accordingly a puep was installed in the Puep 
House having an efficiency of 84 to 86X. The results are 


as follows: 

No. of pueps 
running earlier 

Running 

load 

Mo. of puaps 
runnin« _nov_ 

Running 

load 

2 Nos. big puaps 
(10 UP 3) 

1 No. saall puap 
(6/8" aedivane) 

210 Aap. 
each 

60 Aap. 

1 No. Big Puap 
(16 UPHI) 

270 Aap. 


480 Aap. 


270 Aap. 

Saving in power 

Or Saving in Rs. 

- 1.73 

x 210 x 420 x 0.85 

-1000 

» 129.7 KWH 

per annua « 129.7 x 24 x 

330 x 0.72 


Or Saving in Rs. per annua 


7,39,600 

Say Rs.7.4 lakhs 
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PERFORMANCE CURVES OF PUMP TYPI 


hi45t 



A - DESIGN OPERATING POINT 

B - ACTUAL OPERATING point 









(||) Pvt- Hill and Machine House Puip« 

A survey was carried out to locate Inefficient pump in the 
above plants. The capacity of the punps were established 
after doing the eass balance of these specification and 
pressure were noted down. Zt was observed that there would 
be a saving of around 40 Unit/Ton of paper by replacing 
around 32 nos. puaps and Motors in these sections i.e. 
against an investeent of around Rs.20.0 lakhs. The saving 
will be around Rs.25 lakhs. Has a pay back period of 
less than a year. 


6.0 Constraints in fenerqy Conservation Efforts 

6.1 Technological Developments: 

There are a nuaiber of untried but very proelsing technolo¬ 
gies available for reducing energy consumption. Astong the 
barriers to innovation in Energy Technology are: 

- the risks associated with adoption of new techniques 
and new applications of existing technologies, parti¬ 
cularly when they are not central to the production 

» process. 

- Lack of authentic information, reliability and economics 
of new equipment and processes. 

- Weakness of Industry which manufactures and supplies 
conservation equipment and systems. 

Aim of Energy Conservation Demonstration Scheme as operated 
in U.K. is to accelerate adoption of new or Improved energy 
use technology by overcoming these barriers. The Scheme 

- provides grants to offset risks associated with novel 
projects. In return, companies must allow their 
projects to be monitored or reported on by Independent 
consultants. 

- Disseminates independent technical and economical 
Information about projects to other potential users. 

— Provides marketing and technical back up to energy 
conservation equipment supply industry. 
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6.2 Modernizatio n of • lants 

There are lot of equipments which have boon used world over 
but ere not yet evelleble in Indie end elso testing equip, 
ments which cen leed to significant energy savings. 
Imposition of 30% import duties cennot but discourage use 
of such equipments. A typicel list (but not exhaustive) is 
given below: 

- Ultrasonic flow meters 

- Portable flue gas analysers 

- Oxygen/CO analyser 

- Online drainage tester 

- Moisture measurement 

- Dlgestor weighing systems 
. Online analysers 

- Reliable steam flow meters, annubara etc. 

- Pressure gauges for slurry, pulp etc. 

• Conductivity analysers 

- Ultrasonic trap survey Instruments 

- Smelt bed temp, measurement 

- Instruments for paper formation studies 

- High consistency pulp pumps 

- Low pressure drop centrlcleaners' 

• Oscillating showers and shower nozzles 

- Ceramic foils and covers 

- Efficient vacuum pumps 

- Palling film evaporators 

- Pelts and wires 


6.3 Proper Energy Management Approach 

Another barrier in Energy Conservation efforts is lack of 
proper energy management approach. Pollowing characteris¬ 
tics are required for effective energy managements approach: 

— An awareness throughout all the ranks that Mill Manager 
cares about energy. 

- Develop aggressive policies and programmes. 

. Formation of an energy committee composed of right 
people. 


• Conduct Bootings regularly. 

— Hovo o proper energy reporting systeB. 

— Accountability at the lowest possible level with 
available aeasureaent. 

It is essential that each Unit has an Energy Manager (not 
connected with day to day operations) to co-ordinate all 
activities related to Energy. 


€.4 Government Incentives 

- 1 — - T~ •— 

At present Government does not have many incentives for 

energy conservation projects. The following forms of 

Govt, support are required at national level: 

— Provision of taxes and other incentives as well as 
soft financing for energy efficient equipments. 

- Reduction/exeaption of import duties. 

- Discourage energywise inefficient units. 

- Advisory bodies to assist and guide the industry 
to adopt energy saving technologies. 

- Ensure sustained and reliable power supply. 

- Second-hand equipment Imports to be encouraged 
only if they are energy efficient. 

- Proper training in the field of energy conservation. 


6.5 Management Sui 


Management support is an essential requirements for energy 
conservation programme. The management must.provide 
following for energy conservation: 


Enough funds for energy conservation projects. 
Manpower for Energy Conservation. 

Acceptance of new technologies. 

Develop Research and Development Department. 
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Rood ro om , Boodyard, Beg M mpiritieB 

•Use matte process hot water In woodrooms to redoes 
•teen requirements. 

-Improve berk burning efficiency by improving pressing 
of met berk prior to firing. 

•Use chipped forest refuse (birch, aspen, etc.) and 
pest as fuel, reducing oil use. 

-Maximise berk burning by changing operational routine 
of mood room. 

-Recover mood and bark fines for fuel. 

-Install bark dryer. 

-Improve bog fuel handling to Improve boiler 
efficiency and eliminate frequent domntlne vhlch 
requires fossil fuel make-nip (ECO VHP 1). 

-Replace pneumatic conveyors mith belts. 

I 


Mechanical Pulping mad Ileachlng 

-Seduce fresh mater consumption on shovers In pulping 
and bleaching areas. 

-Recover vaste heat from grinders and refiner 
exhausts• 

r -Repl ace fresh mat er shovers or dilution mlth white 
/' mater. 

-Automatic freeness control (ECO CV 2). 


Chemical pulping, Bashing and Screening 
Digesters 

^-Optimize target 1APPA number. 

■''-Raise sulphldity to reduce lime demand and hence kiln 
fuel (ECO KP 23). 

-Insulation on Kamyr digester (ECO KP 27). 

''-Install chip packers In batch digester. 

''-Use tvo level steaming in batch digester. 

'-Computer control to level steam loads and lncreaae 
boiler efficiency (ECO KP12 & KP17 t KP25). 

Browns tock Washing 

-Improve recovery of vaste liquor for firing in 
chemical recovery units. 

'-Reduce fresh water consumption on showers in 
bleaching, pulping, and paper making areas. 

'-Control wash water flow in accordance with production 
rate and evaporater load. 

/ -Improve brown stock washing to reduce evaporation 
load. 

'-Replace steam doctors on washers with air doctors. 

' -Replace fresh water showers on knotters with liquor 
to reduce evaporeter load (ECO Pulp 1). 

-Select hottest feasible evaporeter condensate for 
brovnatock washing (ECO KP 1). 

-Beat washer shower mater by heat exchange mith bleach 
caustic extract. 

-Dae watte warm mater for unbleached decker seal tank 
make-up (ECO KP 8). 


Screening 

^-Beet Brovnatock decker mmtmr mith matte heat to varm 
* bleach plant Input stock. 

''-Eliminate unnecessary screens (ECO KP 9). 

*^Sbut down some screens when production is lorn. 


Chemical Pulp Bleaching 

^-Recycle warm filtrates 1m bleach plant. 

’'-Reduce fresh mater consumption on showers In 
bleaching, pulping and paper making areas. 

y -Eliminate fresh mater uee in washer ring brackets 
(ECO KP 4). 

‘'-Replace freeh mater mltb white mater in bleach decker 
hydraulic doctor (ECO KP 5). 

'-Replace freeh meter with waste warm mater fompcmuetlc 
dilution (ECO KP 15). f J 

'-Replace trash removal screens with large diameter 
cleaner (ECO KP 16). 

y -Heat shower mater by exchange with contaminated 
condensate (ECO CON 5). 


Chmml cal Recovery end Evaporators 
Evaporators 

^-Recover evaporator flash steam. 

' -Modify evaporator for better economy. 

* -Improve brown stock washing to reduce evaporation 
load. 

* -Install pre-evaporation unit on liquor evsporator 
system using waste heat. 

' -Use automatic density control to optimize evaporator 
operation. 

-Install new ejectors or replace them with vacuum 
pump. 

-Install stand-by liquor storage in earthen basin to 
retain temporary overloads of weak liquor (ECO Sulp 2) 
-Transfer as much as possible of the evaporation load 
from concentrator to more efficient multiple effect 
evaporators by acid cleaning latter (ECO KP 22). 

Recovery boiler 

* -Improve soot blowing system on recovery boilers to 
minimise steam usage. 

/ -Improve smelt tank heat recovery system. 

' -Use compressed air instead of steam for smelt shatter 
jet. 

J -Beat feed water make-up with recovery bolleT scrubber 
effluent (ECO SF 19). 

- -use speed control rsther than damper control for 
fans. 

' -Improve recovery boiler operation to eliminate oil 
firing (ECO SP 1). 
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line kiln 

- Improve efficiency of line 
kiln 

• Insulation to be checked 
to minimise losses 

- Possibility of recycling 
flue gases to utilise 
volatile froe coal 


boiler feed voter make-up (ECO Pm J3L 
^-Install duel syphons in dryer cm to loprevi 
condense te re novel (ECO PH 12 X * 

' -Employ computer controls on peper machines for ^ (1| 
weight and dryer controls to minimise over-drying 

Air System 

^-Upgrade peper nechlne endoaed hoods. 

.—Upgrade heet recovery capability of waste ben 
economisers on paper machine and pulp machine dryers, 
-Reduce pressure differential across FLAK! dryer 
(ECO KM 19). 

^-Limit air exhaust on open dryer bood In winter 
(ECO PM 9). 


Miscellaneous 


“'-Replace cold water intakes to warm water systems vltb 
used cooling water (ECO PM 161 
•''-Seal hot veil overflov to reduce lose of flash steal 
(ECO SF 22). 

Steam Plant and Turbines (except recovery boiler) 


Paper Machine and Pulp Drying 


Roller 


Wet Enc 

-Replace auction presses vltb grooved presses end 
reduce vacuum requirements (ECO PM fc 4 201 
-Increase press loading on paper machines to reduce 
crying requirements (ECO PM 111 

-LoveT felt moisture by additional vacuum (ECC PM 191 
-Recuce fresh water consumption on showen (ECC GEM 

3). 

-Close up paper machine white water systems with 
objective of eliminating wire pit steam 
(ECO PM 3, PM 5 i KP 14). 

-Improve vacuum systems on paper machim couch rolls 
to reouce dryer loadings. 

-Replace steam ejector by vacuum pump on deculatoi. 

- -Upgrade felt conditioning on paper machine. 

-Eliminate felt conditioning (ECC PM 221 
-Eliminate felt dryers (ECO PM *1 
- -Replace ventanlp roll with stainless "C* roll 
(ECO PM 1). 

-Replace heated fresh water with white water for 
cleaner reject sluicing (ECO KP 131 
^ -Install steam shower to improve pressing (ECO PM 231 


-Install nev bark fired boilers. 

•'-Install nev boiler controls, gas analyzers, and othei 
devices to Improve boiler efficiency. 

“'-Install boiler blowdown heat recovery units. 

-Convert oil fired power boilers to allow partial oi 
full hog fuel firing. 

-burn waste oil as fuel. 

-Improve oil burner operation and maintenance tod * 
cesigx to increase efficiency. 

-Upgrade atomizing steam on oil tlrec boiler. 

-Reouce burner atomising steam pressure (ECO SF 9). 
-Replace oefectlve tubes in combustion air bestei > 
(ECC SF 3 4 30). 


-Improve gas/oil burners (ECO SF fc 4 SF 2^1 
-Improve undergrate air distribution in bog fuel 
boiler (ECO SF 10). ; 

✓-Use wars air from top floor of building as supply for ,, 
FD fat (ECC SF 11 6 SF 20), 


-Improve reliability of auxillisry fuel ignitors It ^ 
bog fuel boiler to avoic the neec to maintain out gw !r 
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-Replace steam spreaders with mechanical spreaders in j 
bog fuel boiler (ECO SP 15). 


DryeT 

- -Reduce pocket ventilation temperature (ECO PM 21). 

✓ -Reduce pressure In paper dryers to Increase steam 
flow through turbogenerator (ECO SP 17). 

-Recover and reuse paper machine press wster. 

-Reduce paper machine dryer drive loads by Improving 
condensate removal. 

. -Install thermocompressors on dryer steam systems 
(ECO PM 7 4 COM 4). 

✓-Improve capability of paper machine moisture control 
ayatoms. 

-Replace condensers vltb direct cooling by treated 


Turbine 

^/-Install back pressure turbines for either electric 
generation or direct mechanical drives. 

J -Transfer steam from low efficiency local turbine w 
central turbo-generator by replacing local tsrbis* 
vltb electric motor (ECO SP 27 4 32). 

J -Convert medium pressure steam consumers tc l& ver 
pressure for Increased electrical generation. 
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feedwater 

-Upgrade tod rehabilitate boiler feed water beating 
system* • 

-Install .water softeners for boiler feed water to 
reduce blowdown. 

-Preheat boiler ieedwater with mill effluents. 

.-heat boiler feedwater by using it as coapreaaor 
cooling (ECO SP 31). 

* -Preheat boiler feedwater with flash steam Iron 
condensate collecting tank (ECO SP 23). 

-heat boiler feed water with flue gas and paper 
machine hood went. 

, -u»e wars water from the evaporatex surface condenser 
to supply the boiler feedwater treatment system 
(ICO SP 3). 

-Recover hot water from seal gland exhausters In 
, turbines (ECO SP 6). I 

/ -Divert deaerator vent from atmosphere to feedwater 
heater (ECO SP 7). 

/ -Install economisers to beat feedwater in a high 
temperature stack (ECO SP 13 X 
r -hlnlmlse recirculation at feedwater pumps (ECO SP 
29). 

Mlscellaneois 

^-Reduce service water pressure (ECO SP 2X 
/ -Eliminate leakage from HP steam header to UP header 
(ECO SP 4). 

•Insulate bunker C a tor age tank (ECO SP 211 
'-Monitor and check condensate return rates to detect 
losses (ECO COh 1). 

Hill-Vide Process Heat 

-'-Pressurise condensate recovery systems to avoid 
unnecessary cooling for pumping purposes (ECO COK 8). 
•''-Scheduled maintenance of steam traps (ECO COK 3 16). 
•'-Upgrade steam line and process equipment Insulation 
systems (ECO GWl). 

. '-Upgrade steam condensate recovery systems. 

-'-Reclaim transformer cooling water. 

-Reclaim compressor cooling water (ECO SP 25). 

Increase use of warm surplus white water for stock 
dilutlor system. 

“Replace, upgrade or Improve maintenance of beat 
exchange; units. 

“ “Increase heat recovery from exhaust gaseous streams, 
“bat waste process hot water In woodrooms to reduce 
ateam requirements. 

“Recover waste beat from grinder and refiner exhausts 
"Replace or repair leaking fresh water valves. 

*' "Reduce direct steam beating. 

^ “Install steam meters. 

"detail water meters. 

-Install mechanical teals on liquor pumps. 

all stock and white water pump seal water with 
waste beat (some of it cools the processX 


Hill-Vide Resting and Ventilating 

\ 

‘heat building nake-up air with exhaust heat using 
tlycol intermediary to avoid frecxlng in very cold 
•tether (ECO PM 10). 

Reduce paper nlll fcillding ventilation exhaust heat 
Losses, commensurate with humidity limitations, during 
:oldcr weather. 

‘Use paper nlll exhaust eir to beet holler room eupply 

Lit. 

Reduce beating in storage areas not normally staffed. 
■Change sheave sites on exhaust fans, winter vs. 
tummer conditions. 

‘Insulate buildings. This la almost always 
economically attractive unless building Is heated by 
^recoverable waste process beat. An example la 
described in ECO PM 14. host mill buildings ere 
Inadequately insulated relative to to-day's energy 
:oats. 

-Use infra red viewer to locate heat losses 
(ECO GEM 1). 

-Minimise make-up air (ECO PM 18). 

-Energy audit of steam and condensate losses 
(ECO GEM 5). 

-Minimite seat losses through building openings such 
if windows and doors. 


Mill-Vide Electrical 
Lighting 

^Replace incandescent lighting fixtures with more 
efficient fluorescent sodium or mercury vapour units 
and use skylights and windows when possible, 
especially in storage areas (ECO ELEC 5 4 7). 

-Automate outside ares lighting (ECC ELEC IX 

Power 

✓ 

-Shut oovc unnecessary agitators (ECO ELEC 3 4 4 and 
PM 17). 

-Modify utilisatiOL and selection practices of process 
equipment such as pumps, fans etc. to ensure optimum 

operating efficiency. 

/ 

-Reduce compressed air use. 

-Use variable speec drives to control pump discharge 
flow or pressure. 

-Upgrade hydraulic turbines. 

-Install automatic peak oemand control on grinoers. 
-Review electric and gas contracts to optimize energy 
use. 

-Study inter-relationship of cogeneration, ateam and 
fuel to optimize energy consumption. 

-Install peak load controllers (see ECO ELEC 6) for 
one application). 

'-Install capacitors for power factor correction. 
-Modify electric motor selection standards to ensure 
operation at optimal efficiency. 

•Convert continuously running pumps to automatically 
controlled intermittent operation where feasible (This 
la most commonly useful on cooling water pumps, 
examples are described in ECO PM 13 R GEM 41 




INTRODUCTION 


STEEL INDUSTRY HIGHLY ENERGY 
INTENSIVE 

- HIGH TEMPERATURE PROCESSES 

- BATCH TYPE RATHER THAN 
CONTINUOUS 


SPECIFIC ENERGY CONSUMPTION 




ENERGY INPUTS TO STEEL 

PLANTS 


- COKING COALS 

- STEAM COALS 

- PETROLEUM FUELS 

- PURCHASED ELECTRICITY 

ABOUT 80-90*/. OF ENERGY INPUT 
THROUGH COKING COALS 







CONCLUSIONS FROM ENERGY 

DATA 


SPECIFIC LEVEL OF ENERGY 
CONSUMPTION IN INDIAN STEEL 
PLANTS HIGH ( NEARLY DOUBLE ) 

CONSUMPTION OF ENERGY IN IROl' 
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1. Introduction 

Steel industry being highly energy intensive is and will con- 
onue to be one of the "major consumers of energy: This 
s mainly due to the fact that the various steelmaking pro-. 
asses are performed a"t high temperatures. Further, the 
iteelmaking processeeare of tatch type rather than con- 
inuoustype. This resultsin high level of wastage of input 

energy- ' _ .^ s _ 

The specific energy consumption of Indian steel plants 
■anges between 9-16 Gcal/1 of saleable steel, (average be- 
ng 12 Gcai/t). In the advancedfcountriesjlike Japan, it is 
jf the order of 4-7 Gcal/t. the .objectve is to bring down 
the specific energy consumption in the Indian steel plants 
to a level of about 7-8 Gcat/t of saleable steel within the 
next 10 years. 

2. Energy Inputs to Steel Plants 

rhe major energy inputs to the steel plants are: 
i) Coking coals for production of coke used in hot metal 
production; 

a) Non-coking coals used for the generation of steam and 
power in the captive power plants; 

iii) Purchased electricity to supplement in-plant generated 
power for running of electrical equipment; 

iv) Purchased petroleum fuels like fuel oil, naphtha, LSHS 
etc. to meet any shortfall in the availability of by¬ 
product fuels like coke oven gas, tar, B.F. gas. 

About 80-90% of the energy input to the steel plants 
:omes through coking coals. Purchased electricity ac- 
:ounts for only 2-3% of thetotaknergy input to the steel 
slants. 


3. Energy Input Data 

Table-1 shows the energy Input to the SAIL steel plants 
during the year 1983-84. It may be seen that for produc- 
tion of 4.74 million tonnes of saleable steel, the SAIL steel 
plants consumed about 11.24 million tonnes of coking 
coals, 2.26 million tonnes of steam coals, 023 million ton¬ 
nes of petroleum fuels and 2.38 x 10 6 MWH of purchas¬ 
ed electricity. The trend in the energy consumption pat¬ 
tern during the last few years is shown in Figure 1. It may 
be seen that for a 60% of increase in the saleable steel 
production during the last 10 years, the increase in the 
energy consumption is about > 90%. Further, the consump¬ 
tion of petroleum fuels during the same period has increas¬ 
ed roughly by about 80%. During the period 1976-77 to 
1983-84, the fuel bill has increased from a level of Rs. 240 
crore to Rs. 860 crore even though the level of saleable 
steel production has somewhat decreased (see Figure 2). 
It may be mentioned here that in the developed countries 
there is a definite downward trend in the specific energy 
consumption levels whereas in the Indian steel plants there 
is hardly any discernable downward trend. The may be 
clearly seen from figures 3 and 4. 

The reasons for high energy consumption in the Indian 
steel industry may be better understood by comparison 
of the energy consumed in different shops of an Indian 
steel plant with that of a developed country. Figure 5 
shows the comparison^ between the energy usage in a 
typical Indian steel plant during 1981-82 with that in a steel 
plant in Japan during 1975-76. The following observations 
are made: 

(a) Specific energy consumption in the Indian steel plant 
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Aii analysis of ^ operating ^rei^ers of .the individual 
^hopsNngsoift^,n^ ra«s^of the high energy con¬ 
sumption levels in tiie Indian steel ptents.Further, such 
an analysis is useful ki^de^ng potential .rneasures for 
energy conservation. Th» has been attempted below for 
ms*or technological areasnamely Coke ovens, Ironmak¬ 
ing, Steelmaking and Soaking pits. ' ' ’ ■ ‘ 


Vl^nte frcim W h is seen that the ash con- 

item in the coke varies between 25 and 29%. in 
developed countries , the coke-.ash is as low as 8-10% 
Higher ash in rite coke contributes to increased slag volume 
in blast furnace operation and consequently higher coke 
rates and lower productivity. 

Poor strength of coke 

Strength of the coke used in the Indian blast furnaces 
is rather low. The-values of M 10 -an index of the abrasion 
resistance of coke are rather high compared to that of die 
coke used in the advanced countries. Table 4 gives the 
data on the coke strength (M 10 ). 

Lower strength of the coke results in the high genera¬ 
tion of fines in the blast furnace operation. Consequently 
acceptance of blast is lower, productivity is lower and coke 
rates are higher. 

Low Sinster in burden 


. I 

Iron Zone 

Coke Ovens 

The max* factors contrfouting to high energy consump¬ 
tion in rite coke ovens area are: 

(i) Low coke oven gas yield 
The yield of coke pyen gas varies in the Indian steel 
plane from 230 tcv290 Nmtyt of coal charged. The 
tow gas yields are due to coal with high ash content 
varying from 18-22%, tow volatile matter varying from 
22-25% (see Tabte 2) and- leakage of gas. in the 
. developed countries gas yields of 320 Nm 3 /t of coal 
Charged while usinga coal charge having an ash con¬ 
tent of 8% and volatile matter of 27% have been 


The level of sinter usage in the Indian blast furnaces from 
1972-73 to 1983-84 is shown in Figure 7. The use of, sinter 
has a direct effect on the coke rates. Increase in the 
percentage of quality sinter in the burden decreases the 
coke rates considerably. In the advanced countries, sinter 
constitutes about 80-95% of the blast furnace burden. 

High Raw Limestone & Dolomite in the burden 
In the advanced countries the amount of raw 
limestone/dolomite added in the modern blast furnace 
burden is 5-10 kg/thm. In some of the SAIL steel plants 
(DSP, IISCO) raw limestone/dolomite addition is very 
high-about 350-550 kg/thm (see Table .4). This results 
in higher coke rates as the thermal decomposition is highly 
endothermic. 


reported. ‘ , Low blast temperature 

(ii) Bad condition of. the ovens . Figure 7 shows the data on blast temperature achieved 

Bad condition of the ovens results in operational dif- during the period 1972-73 to 1983-84 in the Indian steel 
ficulties and high energy consumption. plants. The average value of the blast temperature in the 

(Si) High waste Energy Indian steel plants is around 720°C, which is very low as 

Table 3 shows the heat balance for coke ovens in one compared to the blast temperature levels of 1100-1350°C 
. of the steel plants J f ,li is sden that various heat losses achieved in the advanced countries. 


like sensible heat of coke and coke oven gas are about 
1.3 x 10 6 Gcal/year for BSP. This is about 10% of 
the total input energy in the coke ovens. 

Blast Furnaces 

It is well known that the spectacular decrease in the coke 
rates in blast furnace operation in the advanced countries 
has greatly contributed to energy_conservation. Figure 6 
shows the trend of the coke rates in Japan and the main 
steps taken to lower coke rates to less than 450 kg/thm 
and increase productivity. In the Indian steel plants the 
following factors are mainly responsible for the high coke 
rates (730-1150 kg/thm). 

High ash content of coke 

Figure 7 shows the ash content of coke in the SAIL steel 


High top pressure 

Super high top pressure in blast furnaces 12.5-3.5 at¬ 
mospheres gage) is being practiced in the advanced coun¬ 
tries for achieving increased productivity and lower coke 
rates. In India, only Bokaro steel plant is practicing 
moderate top pressure of about 1.4-1.5 atmosphere. 

Unstable blast furnace operation 
Unstable operation of blast furnaces is caused by: 

(a) Unstable thermal regime on account of inconsistency 
in the quality of input materials 

(b) Excessive fines in the iron ore and sinter and improper 
burden distribution 

(c) Problems in availability of input materials 

(d) Logistic problems related to tapping of hot metal 



6, Steelmaking 

, f ' r , 

Itself* energy consumption in the area of steeimaking 
m fee mainly attributed to: 

0 High Ratio of open hearth steelmaking to oxygen 
. steeimaking 

In the developed countries the steelmaking is mainly 
trough oxygen steelmaking route, while in India over 
50 % of the steel is^producdd through the open hearth 
' furnace route (Table 5).Open hearth steelmaking pro¬ 
cess is highly energy intensive as it is a slow process. 

'/ S) High specific fuel consumption . 

The high specific fuel consumption in the open hearth' 
furnaces is contributed by unstable operation of the 
furnaces, low productivity and improper combustion 
control. „ •. V 

(ml Conventional Ingot casting route 

In SAIL steel plants almost 100% of the steel is cast 
through ingot casting route. In modern steel plants 
almost 100% of the steel is cast through the con¬ 
tinuous casting route where the yield is high and one 
reheating operation is eliminated. : 

7. Rolling Mills 

The following factors.contribute to high energy consump¬ 
tion in the area of rolling mills: 

(il Obsolete combustion systems in furnaces 
The combustion, systems in the furnaces of primary 
and finishing rolling mills e.g. soaking pits, reheating 
. furnaces, etc. are quite old in the Indian steel plants. 
In oil firing burner systems poor atomization, chock¬ 
ing of burnerlips and jeakage of oil etc. are common 
leading to high energy,.consumption. 

liil High track time 

Track time of ingots is one of the major factors con¬ 
tributing to very high energy consumption in the soak¬ 
ing pits. The average track time in the Indian steel 
plants varies between 2.5 hours to 4.5 hours. By 
reducing the track time through extensive use of 
modern communication facilities for close monitoring 
and control and modernising auxiliary facilities like 
charging, discharging etc., Japanese steel plants are 
able to achieve a specific fuel consumption of about 
0.15 Gcal/t whereas in the Indian steel plants it varies 
from 0.25 to 0.5 Gcal/t. 

(iiil High heat losses through cooling water/refractdries 
The heat losses through the cooling water and furnace 
structure account for nearly 30-32% of the heat sup¬ 
plied. This is due to obsolete design of cooling water 
systems in reheating furnaces and use of poor quality 
of insulation material in the Indian steel plants. 


dvJ Unstable Mill operation 

Unstable mill operation is mainly due to die prevail¬ 
ing obsolescence of equipment. This results in dif¬ 
ficulties in synchronising the heating operations and 
the rolling operations. 

8. Categories of Energy Conservation 
Measures 

Systematic and sustained efforts are required to bring 

down the level of energy consumption in the steel plants. 

The energy conservation measures can be broadly 

categorised as: 

(a) Operational improvements 

(b) Equipment improvements 

(c) Modernisation measures 

(a) Operational Improvements 

For .evolving and implementing energy conservation 
plans in the steel plants, it is imperative to give due > 
importance to the matters related to 
—improvement in operations technology 
—improvement in administrative measures 
These steps need hardly any capital investment, but 
have to be followed on a continuous, routine basis. 
Some of the examples of improving operational 
aspects are: 

(i) To minimise leakage of oil, air, steam etc. 

(ii) To analyse the fuel gases regularly for maintaining' 
appropriate air-fuel ratio 

(iii) To maintain proper quality and size of input raw 
material 

(iv) To rigidly follow thermal regimes of furnaces 

(v) To operate optimum number of furnaces 

(b) Equipment Improvements 

The second category of the measures is equipment 
improvement These require marginal investment and 
the return is quite high. Some examples are: 

(i) Insulation of cold blast main; 

(ii) Minimising leakages of hot blast; - 

(iii) Improvement in combustion systems. This requiredj 
replacement of existing burners with those of moderrp 
design like ceramic burners in blast furnace stoves,' 
high velocity burners in soaking pits, flat flame burners 
in reheating furnaces etc.; 

(iv) Use of ceramic fibre insulation in the furnaces: Th® 
would reduce the heat loss from the furnaces to a® 
extent of 5-7%; 

(v) Modification of water-cooled skids in the reheating fur¬ 
naces. This is one of the important measures to bring 
down the energy consumption in the furnaces as heat 
losses through an uninsulated skid system can account 
for as much as 30% of the heat supplied to the fur¬ 
naces. In modern furnaces the trend is to use skid 
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system with evaporative water cooing and insulating 
blocks haying an inner tayerof ceramic fibre, 
h^ktttoduction of economically. justified waste heat 

recovery systems requiring moderate investments. 

» «, ’ • * 

■fc) Modernisation Measures 

These are generally capital intensive in nature. These 
measures are vital for efficient plant operation and 
failure to modernise the plant at the right time 
* results in steep deterioration in the plant output. 

, Some of the modernisation measures that may be 
adopted are: 

- stamp charging ofcoa! charge; 

- partial briqbetting of coal charge; 

- modernisation of die existing sinter plants and installa¬ 
tion of new sinter plants; • 

- intensification of blast furnaces; 

- replacement of open hearth furnaces by oxygen 
steelmaking conveners; 
large scale adoption of continuous casting; 

- introduction of walking beam/walking bottom 
furnaces; 

- modernisation of rolling mills; 

- introduction of computer control systems in all the 
k . shops; 

|- introduction of waste energy recovery processes like 
coke dry quenching, heat-recovery systems in sinter 
plant, power generation using-blast furnace top gas 
pressure. ' ; 

9. Energy Conservation Efforts of SAIL 

In order to give a new impetus to the energy conservation 
efforts of SAIL, a report consisting of plant-wise energy 
conservation plans was prepared by SAIL in March, 1983. 

A brief list of the three categories of energy conservation 
- measures included in the energy conservation plans of the 
SAIL steel plants is given-in Annexure-I. The implemen¬ 
tation of these measures has been taken up by the Task 
Force for Energy Conservation in individual shops of the 
steel plants. The progress of implementation of 
these measures is being monitored at the plant-level 
as well as at the Corporate level. Some of the short¬ 
term measures are being routinely followed. A number 
of medium-term measures are in progress. Long-term 
measures are planned to be introduced as part of the 
modernisation programmes. 

Mention may be made of some of the technologies 
developed through R.&D efforts in our plants contributing 
to energy conversation. 

Lime Dust Injection 

The technology of lime dust injection through tuyeres 
of blast furnace has been developed on the small scale at 
Kalmga Iron Works. Lime has been injected on continuous 
basis at the rate of 30 to 40 kg. per tonne of hot metal 
in blast furnace No. 3. The increse in productivity is in the 


range of 11-15% and decrease in coke rate 5-11%. 
technology is presently being upscaled at DSP where finte 
dust at the rate of 100 kg. per tonne of hot metal wil bt 
injected in blast furnace No. 1. The demonstration plant 
is under construction and is expected to be commission¬ 
ed by the end of this year. 

Use of high basicity sinter 

It is a well established fact that if the raw lime stone 
charging in blast furnace is avoided by charging of the fin 
through sinter, substantial benefits can be achieved with 
respect to increase in productivity and decrease in coke rate 
in blast furnace. This objective in our steel plants can be 
achieved by charging either high percentage of the sinter 
burden of lower basicity or lower percentage of sinter in 
the burden of higher basicity. The trials at BSP have been 
carried out on both the above alternatives by eliminating 
100 kg. per tonne of hot metal of lime stone through use 
of higher basic sinter. The increase in productivity was of 
the order of 5-6% and decrease in coke rate about 4-6%. 

Use of extended hood practice in the sintering 
The RDCIS design of extended hood has been im¬ 
plemented in sintering plant No. 2 in BSP. This modifica¬ 
tion wiH result in lower energy consumption and higher pro 
ductivity of sintering machine. 

Use of Coal Bonded Pellets in Blast Furnaces 
The technology of coal bonded pellets eliminates use 
of fuel oil as required in conventional heat hardening 
pelletisation process. Trials with coal bonded pellets have 
been carried out at KIW using 25 to 30% pellets in blast 
furnace burden. The benefits with respect to increase in 
productivity and decrease in coke rate were of the order 
of 7-11 %. The technology is now being upscaled for blast 
furnaces of IISCO. 

External Desiliconisation and Desulphurisation of hot metal 
The desiliconisation practice has been modified at DSP 
to achieve the higher degree of desiliconisation by increas¬ 
ing the lime stone consumption from 250 kg. to 1000kg. 
per ladle. The drop in silicon content of’hot metal was in¬ 
creased from 0.4 to 0.8%. The implementation of this 
technology will help in decrease in the lime consumption 
in open hearths and also an increase in productivity by 
reducing the duration of heat. RDCIS has also establish¬ 
ed the practice of desulphurisation of hot metal using the 
indigenously available cheaper reagent like lime and soda 
ash. The adaptation of this practice will help in running 
the blast furnaces on low slag basicity thus will help in 
increasing the productivity and decreasing the coke rate. 

Optimum thermal and lancing regime in the open hearth 
furnaces 

Implementation of this project at BSP has resulted in 
15% saving in specific heat consumption. Similar benefits 
have also been achieved at DSP open hearth furnaces. 




^assisted melting in electric arc furnace 

nation of this project at ASP has resulted in 
kin melting time by about 20 minutes and reduc- 
|| power consumption by 80-100 KWH per tonne. 

-fif @£0 Enrichment of combustion air in soaking pit 
"fife-practice has been introduced in RSP and DSP and 
^resulted in saving of fuel consumption by about 

■ * 

"hie of ceramic fibre seal in soaking pits 
fife project has been implemented on trial basis in the 
goring pits at BSL. The ingot heating rate is faster and 
utilisation is better as indicated by the lower heat 

consumption. • 


Modified combustion system in reheating furnace at IISCO 
The new combustion design system has given 16 to 20% 
reduction in specific heat consumption for structural mill 
and 21% reduction in light structural mill. 


10. Discussion and Recommendations 

Steel industry is highly energy intensive, since the 
various industrial operations have to be performed at high 
temperature conditions. It hardly needs to be emphasised 
that all other conditions remaining constant, the extent of 
energy conservation measures directly reflects on the pro¬ 
fitability of a steel industry. 

As the follow up of the last paper on upgradation of 
technology, this paper deals with more specifics in the area 
of energy scenario. 

The most important observation is that the specific 
energy consumption in the Indian steel plants is about 
twice that of steel plants in other developed countries like 
Japan. The differential is of the same order even with other 
steel producing countries who are comparatively 
newcomers in the area like South Korea and Brazil. 

It is observed that in our steel plants the rate of increase 
in saleable steel production between 1970-71 to 1983-84 
is significantly lower than the rate of increase in total 
energy consumption. For 60% increase in saleable steel 
production during the last 10 years, increase in energy 
consumption is about 90%. In other words, specific energy 
consumption figures have been increasing. Even the con¬ 
sumption of the high value petroleum fuels during the same 
period has increased roughly by about 80%. 

Various kinds and quality of energy inputs in different 
plants of SAIL and relative energy consumption figures 
in all the integrated steel plants inclusive pf TISCO are 
given. The first apparent anomaly is needed to be 
highlighted. Consistently, the lowest energy consumption 
per tonne of finished steel has been in BSP, a fully open- 
hearth based steel plants till now, and not in the plants 
using oxygen process converter. While necessary correc¬ 
tion due to differential product-mix as well as differential 
quality of raw materials can be made the fact remains that 


the obvious advantage of oxygen stedmaking prooess over 
open-hearth in energy jfronihas been upset by possibtv' 
better technology disciplineand development apd adap¬ 
tation of more energy efficiency measures at BSP through 

inhouse R&D efforts particularly in iron and steefinaking 
zone. f 

It is also necessary to observe that during the period 
1976-77 to 1983-84, fuel bill has increased in SAIL from a 
level of Rs. 240 crores to Rsl 860 crores even though the 
level of saleable steel production has somewhat decreas¬ 
ed. It is worth mentioning tfiat during the period, the rate 
of increase in steel price has been substantially lowe^ 

Between,1950s and 1.980s, all the other steel producing 
countries have reduced the^specific energy consumption 
figures by around 50%. ln,factin the 1950s andeariy 1960s, 
our energy consumption figures were equivalent to the 
same as in other steelplants abroad, which has, however, 
marginally increased during' this period, while elsewhere 
the same has been halved. 

After the said situation analysis, the causes of differen¬ 
tial energy consumption have been highlighted. Since 80 
to 90% of the tota(energy,jnput to steel plants is through 
coal, primarily coking coal,'.the coal quality deterioration 
has the most significant effect on spetific energy con¬ 
sumption. Ash content of-coking coal has been steadily 
increasing from 17% to 22%. The effect of even marginal 
increase in ash content at such high level is disastrous in 
terms of exponential increase in coke rate and reduction 
in productivity in blast furnace and also deterioration in 
quality of hot metal thereby affecting sharply on steel mak¬ 
ing practice/the yield of products and increase in energy 
consumption in down streaim areas with a multiplier ef¬ 
fect. In this area, the steel,piants are fighting a losing bat- 
tle.~While ash content of coking coal for economic pro¬ 
duction of iron has been decreasing from around 17% to 
6 to 7% in Japan and elsewhere, with corresponding im¬ 
provement in total energy,efficiency, the ash content in 
Indian coking coal has been increasing and has now come 
to an alarming level. In fact, acceptable quality of coking 
coal for econqmic production of iron is no longer available 
in India, the resources can only be used for blended pur-vi 
poses with imported high caking index and low dsh cok-j 
ing coal. Planners have to concentrate on this single largest! 
constraint directly affecting techno-economic level of ouJ 
steel industry. M 

While between 60 to 70% performance differentials c^B 
be attributed to the said inherent problems, the other rap 
jor causes are also required to be highlighted. These anH 
gradual deterioration of technology discipline, equipr^H 
hardware constraints, inadequate R&D input? to (SB 
sistently improve the state of art, and introduction oral 
digenous technologies and lack of systematic, planned Sif 
in-time refurbishing and debottlenecking and technotSU 
modernisation efforts. ■ 

Improved technology discipline in our plants can sham 
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have given bestreaSts Vi energy efficiency front. Inciden¬ 
t al ly in this area we are going back in time m terms of up¬ 
ward centrafisatfcin ^authority through multiple, horizon¬ 
tal and vertical channels upto BPE. . 

.Commercialadaptationnbf^ established. R&O outputs is 
.aiso an area heedr^ nK^ettentibn, R&D projects involv¬ 
ing marginal dr low investments witf/a potential to improve 
"in state-of-art ar^e^&d through controlled ex¬ 
periments in tKe plains wfthtangible ’resuhs in improving 
energy efftaencry. However, the same is often not com- 
merdalised in sustained rhanrver due to extraneous and 
often huhnan'problems. R&D projects frtvolving the total 
cycle from concept to commercialisation also get delayed 


at the stage of introduction of commercial facilities both in 
investment decision making stage .as weU as project con- 
struction stage. Appropriate system and management 
decisions are called for. 

For improvement of performance in energy front prion, 
ty has to be given on introduction of imported software 
bared technology packages through R&D and designs and. 
engineering organisations.for appropriate adaptation and 
further improvement of the imported technologies. As 
mentioned in the earlier paper, a-National Standing Com¬ 
mittee should identify targets of energy consumption in 
various technology areas which are to be made mandatory 
within specific timeframe. 


Dr. S.K. Gupta is with Research b Development Centre lor iron b 
Steel, Steel Authority of India Limited, Ranchi. 

Dr. G. Mukerjee js with Steel Authority of India Limited. New Delhi. 


- Table-1: Energy Inputs to Individual Steel Plants During 1983-84 


rr 


Item 

Unit 

BSP 

BSL 

DSP 

IISCO 

RSP 

Total SX 
Plm 

Coking coal 

X10®t 

2.944 

• 3.497 

1.472 

1.650 

1.681 

11244 

Steam coal 

X10®t 

0.516 

0.743 

0.260 

0.495 

0241 

1255 

Petroleum fuels 

X 10? t 

9.990 

6.020 

98.50 

22.60 

94.470 

231.61 

Purchased electricity 

X 10® MWH 

0.632 

0.810 

0.293 

0.128 

0.518 

2.381 

Total energy input 

X 10 6 Gcal 

22.71 

28.03 

11.77 

13.79 

13.38 

89.68 

Steel production 

X 10® ingot 

1.837 

1.681 

0.806 

0.592 

1.088 

6.01 


X 10® Saleable 

1.538 

1.288 

0.602 

0.444 

0.862 

4.738 
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t«Ue-2: Ash Content and-Volatile Matter in the Coal Blends of Indian Plants During 1976-77 to 1982-83 


St 

#0. 

Flint 

-- 

— 



"Year 





1976-77 

1977-78 

1978-79 

1979-80 

1960-81 _ 

1981-82 

1982-83 

1. 

BSP 










Ash 

% 

18.99 

19.84 

20.20 

19.60 

20.10 

19.70 

18.70 


VM * 

. % ■ 

24.00 

24.90 

24.70 

24.40 

23.60 

23.70 

23.10 

IT 

RSP . 










Ash 

% 

18.91 

19.05 

.18.95 

18.64 

19.41 

18.87 

18.52 


VM 

% 

V 

24.05 

25.10 

25.18 

24.86 

24.12 

23.94 

23.10 

i 

DSP 

s 









.Ash 

% 

20.22 

20.44 

21.12 

22.69 

21.96 

22.13 

21.78 


VM 

% 

23.63 

23.53 

23.46 

22.57 

22.90 

21.94' 

21.92 

4. 

BSL ' 










Ash 

% 

19.83 

21.38 

20.45 

21.18 

21.81 

21.05 

20.64 


VM 

% 

24.31 

23.85 

'23.85 

23.72 

23.47 

23.22 

22.81, 

5 

IISCO 







* 



Ash 

% 

19.93 

20.20 

20.83 

21.41 

21.71 

22.20 

21.92 


VM 

' % 

25.58 

25.03 

25.05 

24.92 

24.92 

24.69 

24.46 


Table-3: Coke Ovens Heat Balance 


SI. No. 

Item 

. Unit 

Material input/ 

Energy 





output value 

equivalent, 10^ 

% 





Gcal/yr 


1.0 

Input 





U 

Coking coal 

X 10® t 

1.93 

12.54 

89.8 

1.2 

CO gas 

X 10 9 Nm 3 

0.07 

0.26 

1.9 

1.3 

BF gas 

X 10 9 Nm 3 

0.97 

0.94 

6.7 

1.4 

Air preheat 

X 10 9 Nm 3 

1.07 

0.22 

1.6 

• 




13.96 

*100.0 

2.0 

Output 





2.1 

Coke (potential) 

X 10® t 

1.50 

10.10 

72.3 

22 

Benzol (potential) 



0.04 

0.3 

23 

Tar (Potential) 

X 10® t 

0.05 

0.47 

3.4 

24 * 

CO gas (potential) 

X 10 9 Nm 3 

0.48 

2.00 

14.3 

25 

Losses 



1.35 

9.7 





13.96 

100.0 


Break-up of losses 





251 

Coke sensible heat 



0.54 


2.5 2 

Dry gas sensible heat 



0.10 


2.5 3 

Benzol 6 tar sensible heat 



0.01 


2.5 4 

Waste gas heat 



0.30 


255 

Others 



0.40 
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Table-4: Value and .Limestone Consumption in Blast Furnace During the Period 1972-73 to 1383^ 


Item 

Punt 

72-73 

- 

BSP 



BSP 


Mm Value 

DSP 

14.9 


BSL 



nsco 



BSP 

222 

* 

RSP 

369 

Raw limestone 

DSP 

368 

4 Dotomhe 

BSL 

124 

kg/vhm 

IISCO 

428 


TISCO 

288 


73-74 

74-75 

75-76 

75-77 

77-78 

78-79 
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10 

14.9 

14.0 

16.5 

13.9 

14.4 

15 

9.9 

8.8 

9.9 

9.9 

10 

-10 






.17 

206 

179 

179 

171 

190 

185 

408 

288 

235 

232 

309 

288 

363 

456 

400 

394 

351 

359 

75 

48 

33 

52 

64 

108 

480 

480 

474 

460 

495 

494 

*241 

242 

222 

-202 

162 

82 


79-80 

80-81 

81-82 . 

82-83 

83-84 

12 

13 

12 

13 

15 ^ 

10 

11 

10 

10 

11 

16 

15 

15 

15 

16 

11 

13 

13 

13 

13 

17 

17 

18 

18 

17 

168 

116“ 

- 110 

42 

60 

209 

284 

312 

291 

190 

347 

* 343 

386 

302 

380 

195 

174 

125 

126 

100 

578 

579 

608 

559 

560 

65 

52 

82 




Table-5: Steel Production Data Through Open Hearth Fur¬ 
naces and LD Converters Druing the Period 1976-77 to 
1982-83 in SAIL Steel Plants 


Year 

Steel through 
Open Hearth 

X 10 6 tonnes 

Steel through 

LD Conveners 

X 10 6 tonnes 

% Open 

Hearth 

Steel 

1976-77 

4.361 

2.158 

66.90 

1977-78 

4.423 

2.033 

68.51 

1978-79 

4.070 

2.217 

64.73 

1979-80 

3.856 

2.393 

61.71 

1980-81 

’ 3.659 

1.820 

66.78 

1981-82 

3.893 

2.747 

58.63 

1982-83 

3.927 

2.752 

56.91 
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Annexure-I 

Category- 1: Operational Improvement 

(i) Coke Ovens 

-improvements in operating practices-full charging of 
ovens, proper sealing of oven doors to reduce door 
leakage and brazing 

-to maintain thermal regime and control of heating 
-regular cleaning of regenerators 
-to maintain constant 0 2 in flue gas 

IS) Sinter Plant 

-proper maintenance and cleaning of fuel line to main¬ 
tain the required flow to all th| strands 
-proper de-dusting to be ensured to facilitate better 
working condition 
—regular-air-gas ratio control 
-proper quality and sizing of input materials 
-rectification of air leakage in the suction line of blower 

liii) Blast Furnaces __ 

-better sizing and screening of input materials 
-higher usage of sinter 

-cleaning of the burners and chequers of the stove 
-proper operational ^eating-and control-cycles of the 
stove 

-minimising air loss by proper maintenance of cold and 
hot blast lines 

-lower limestone in the burden either by increasing the 
sinter use or by using the higher basicity sinter. 

(tv) Steel Melting Shop 

-to work out optimal thermal regimes in open hearth 
furnaces taking into consideration the technological 
parameters and condition of the fufnaces. 

—to reduce constant heat losses through cooling water, 
walls, openings and flue, intensification of O.H. pro¬ 
cesses such as by oxygen lancing or higher heat load, 
—regular flue gas analysis to be done for combustion 
control as well as to study air infiltration through 
regenerator and to take necessary corrective actions 
—cleaning of regenerator channels periodically to main¬ 
tain its higher efficiency 

—operation, mechanical and electrical delays to be 
minimised. 

(v) Soaking Pits 

—to reduce heat losses from ingots to ambient by lower¬ 
ing track time, using optimum time of ingots inside 
and outside the mold before charging 
—proper scheduling of charging and discharging of 
soaking pits to be done in order to ensure readiness 
of ingots 

—to ensure air tight operation of the pits by proper sand 
sealing of covers, skirt plates etc. 


Ivi) Reheating Furnaces 

—all discharge doors, charging doors : and inspection 
doors to be kept functioning property 

—percentage oxygen in the flue gas is to be maintained 
around 1-2% 

—all furnace pressure controls are to be in perfect work¬ 
ing condition 

—to use optimal thermal regimes for various sections 
rolled. 

(vii) Power Plant 

—to ensure availability of better quality coal in respect 
of ash content 

—to ensure better wagon availability for removal of ash 
from boilers 

—to plug all steam and air leakages to reduce steam con¬ 
sumption in turbo blowers 

—to try the use of steam through wind box of boilers 
to avoid clinker formation 

.—to keep the coolers of turbo compressors in proper 
working condition 

—to analyse the coal.unbumt carbon in the cinder 
regularly. 

Category-ll: Equipment Improvement 

i) Iron-Making 

— insulation of cold blast line from turbo blower to the 
blast fumance stoves 

— elimination of leakages of cold and hot blast 

— modification of gas pipeline diameter to increase the 
fuel firing rate 

— to. increase blower capacity of combustion air in the 
sinter plant 

— close circuit flux crushing to. control lime fineness 

— screening of sinter near skip pit 

ii) Steel Making 
OH Furnace 

— modification in burners for improved firing of CTF 

— Introduction of double oxygen lancing in OH Furnaces 

Hi) Soaking Pits 

— burner modification 

— replacement of blower to ensure required suction 

— introduction of ceramic ceiling of the pit cover 

— modification in burner design 

— burner port modification 

— flue arch modification 

iv) Reheating Furnaces 

— introduction of flat flame burners 

— modification of skid insulation 

— modification of burners 
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v) Power Pianl 

— modification in combustion air distribution for grate 
coal firing 

— modification of BF pas burners 

Category-Ill: Modernisation 

i) iron Making 

— installation of sinter machine for augmenting sinter 
usage in the blast furnaces 

— coal dust injection 

— lime dust injection , 

— dry typehop pressure recovery turbine 

— introduction of ceramic burners in the stove 

— preheating of combustion air of the stove 

— coke dry quenching sytems 

— case heat recovery through sinter cooling 

ff) Steel Making _ 

— installation of LD converters 


— installation of continuous casting euipment 

— top and bottom blowing for BOF 

— recovery of LD gas incorporating suppressed combus¬ 
tion system 

Hi) Soaking Pits 

— automatic combustion control for soaking pit 

— computerisation of operation 
tv) Reheating Furnaces 

— automatic combustion control 

— computerisation of furnace control. 

— evaporative cooling of skids 

— introduction of ceramic fibre blocks 
v) Utility Plants & Others 

— introduction of fluidized bed combustion in the power 
plant boiler 

— firing of COM and/or CWM to reduce fuel oil consump¬ 
tion in the power plant 

— introduction of energy supply demand system 

— automatic control in oxygen .plant 
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THIRMAX 


- Heat Recovery systems for thermic fluid heating, water 
heating and steam generation, could be tailor made so 
that performance of D.G. set is not affected in any 
way. 

- Once a captive power source which was cheaper than grid 
power was installed, continuous operation of critical 
equipment could be ebsured at all times,irrespective of 
power cuts, both scheduled as well as unscheduled. 

Once these facts were brought forth, decision in favour of 
installing heat recovery system was straight forward. Heat 
wgs decided to be recovered in form of steam, by installing 
a custom-built, two drum, natural circulation water tube 
boiler and a finned economiser. The boiler,was designed for 
recovering around 24 lac Kcal per hour, which is equivalent 
to around 3650 Kg/6f steam (F&.A 100°C) 

r 

Now, when the system has been working sucessfully for 6 
months, Management of Modipon considers their decision, to 
adopt co-generation system, a wise one and have'even decided 
to go-ahead with same configuration in 2nd phase of D.G. 5et 
capacity expansion. 


# 



CASE - 1 


INSTALLATION OF HLAT RECOVERY SYSTEM 
ON D.G. SET AT MOD I r_Ofj i _U. P ._ 


V 

THERMO 


Chronic power shortage has badly afflicted major industries in 
North India. Modipon Ltd., one such unit, was losing Rs. 2.5 
crores per year on this account/_it was forced to install a / till 
captive power generation system. Steam turbine based co-genera¬ 
tion systems were not considered due to huge financial outlays, 
long gestatidns af\d unmatched power - steam requirements. 

Simplest solution, therefore was installation of a D.G. set 
and that’s how the project was launched. Resources were limited 
and hence initial instructions were to procure barest minimum 
of equipment. 

The project department of Modipon however pointed out that a 
D.G. Set heat recovery system would cost only 7-1055 extra and 
could save fc. 30 lacs per year on operation cost. 

More detailed analysis was asked for and figures which emerged 
revealed: 

- By heat recovery system, cost of power from D.G. set could 
be reduced by 12-1595. 

- Even with low grid power cost prevailing at that time 
continuous operation of D.G. Set with heat recovery, would 
save money for the company, rather than increase the cost 
of operations as was believed. 

- Past trends indicated that the cost advantage for D.G. set 
with heat recovery, will become even more pronounced with 
passage of time. 

- The company will burn 4000T le6S of coal, reducing procure¬ 
ment, storage, handling and ash disposal expenses. 
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SALIENT FEATURES OF D.G.5ET HEAT RECOVERY 
5Y5TEM INSTALLED AT MODIPQN LTD. 


APPLICATION: 


D.G . Set capacity 
MAKE 

Exhaust gas temperature 

Quantity * 

5team pressure required in 
process 

SYSTEM DESIGN 

Total Heat Recovered 
Reduction in exhaust gas temp. 

Steam generation at full load 
Total pressure drop on gas side 

Controls provided 


SAVINGS 

Cost of power from grid 

Cost of power from DG 5et 
without heat recovery 

Cost of power from DG.set 
with heat recovery 

5aving; in power cost 
Likely yearly savings 

Payback period on project cost 


- 5.4 M.W. 

- Wartsila 

- 370°C 

- 42624 Kg/hx 

- 12.5 Kg/cm^g 

- 2421000 Kcal/hr 

- from 370 to 225°C in boiler 

225 to 175°C in economiser 

- 3655 Kg/hr f8.A 100°C 

- 150 mm wc in boiler 

45 mm wc in economiser 

- Level transmitter and controller. 

- pressure transmitter. 

- level control switches in F.W. tank 

- Automatic gas by-pass 

- feed control 

- Rs. 1 .08/kwh 

- Rs. 1 .03/kwh 

- Rs. 0.91 P/kwh 

- 0.1 2P/kwh 

- Rs. 30 lacs/ year on 5000 hrs of 
pperation• 

- Around 1 year 



CASE-2 


INSTALLATION OF GILLED ECONOMISER 
ON 65 T/HR, 50 KG/CM 2 BOILER AT 
MADRAS REFINERY LIMITED. 


The refinery has a battery of 3 identical, John Thompson v boilers, 

2 

each capable of generating 05 T/hr of steam at 50 Kg/cm and 
430°C temp. All these boilers were originally installed without 
econoroiser/air pxehefcter, as per haps at that time heat recovery 
from flue gases was not considered economically viable. Air 
preheater was subsequently installed on one boiler and space was 
found to be insufficient for same on other two boilers. 

It was then realised that a gilled tube economiser would be more 
compact and hence could be retrofitted in the space available. 

The installation would however be subject to certain special 
requirements like s 

- Due to very high sulphur content {6.5?£) in the fuel, precau¬ 
tions to prevent low temp, corrosion will be necessary. 

- Due to reduction in quantity of fuel fired, steam temp, at 
the outlet of superheater could come down. 

~ Extra pressure drop on gas side may result in squeeze on 
ID Fan capacity. 

These requirements were taken care of as follows: 

The economiser installed, comprises tubes of two configuration 
welded steel gill type for higher gas temp, section and cast 
Iron protected carbon steel type for sections prone to acid 
c orrosion. 

- An additional external superheater has been installed to 
raise the temp, of saturated steam before it goes to primary 
superheaters, to ensure against reduction in degree of super 
heat. This has been done for the first time in country for- 







power boilers. 

Proper pitch selection as well as * in line* configuration 
of gills ensures against excessive pressure drop on gas 
side. 

The design was overviewed by our collaborators. M/s. Senior 
Green of U«K. who have installed gilled economisers on boilers 
of upto 600 MW capacity. The order was received through global 
tenders, against competition* from world giants. 

The project .cost for both the boilers was around fe. 90 lacs 
while savings are anticipated to be of the order of fc. 2*3 
crores/yr. 





S p EC IFIC AT 1 ONS_Dr_MHi__ECCjNIOMISE RS^ 

A. SUPERHEATER 

Duty ~ 
Steam flow - 
Rise in steam temp - 
Gas side pressure drop - 
Tube details . - 

B. EC0N0MI5ER 

Duty — 
Feed water flow - 
Rise in F.W. Temp* 

Drop in flue gas temp. - 
Gas side pressure drop - 
Tube details - 


IF 

thermax 


1009.8.x 10 3 Kcal/hr 

85 T/hr 

12,3°C. 

5.9 mm wc 

64 Nos. welded steel gill type. 


6418.5 x 10 3 Kcal/hr 
85 T/hr 

73.7°C (From 105°C to 178.7°C) 

201.2°C (from 366.6°C to 165.4°C) 

45.5 mm wc 

64 No. welded steel gill 

304 No. C.I. protected carbon steel. 




CASE - 3 INSTALLATION OF VAPOUR AB50RPTI0N 

CHILLER5 BASED ON D.G. SET HEAT 
RECOVERY AT THOMSON PRESS. 


v 

TKERMAX 


M/s. Thomson Press are a most modern printing house, having 
centrally air conditioned facilities. Air conditioning at 
the moment is being achieved with 3 Nos. conventional, reci¬ 
procating chillers of 40 TR capacity each. Due to expansion 
of facilities,*the total A/C load is expected to go up to 
around 250 RT in immediate future. 

Power situation in the area in which the company is located 

is quite bad and the company has to operate its D.G. 5ets 

for more that 20 hrs every day. The company has 2 D.G. sets 

of 1015 KVA each, installed for this purpose. It was clear 

to the Management that atleast in the near future, there 

\ 

would be no way out, but to operate D.G, Sets, which, anyway 
is costlier than grid power* 

A proposal was therefore mooted regarding recovery of waste 
heat from D.G. Sets and using the same for operating the 
vapour absorption chillers* The overall energy cost could 
therefore, be brought down. In view of the contemplated 
expansion, the company wanted to have an installed capacity 
of around 400 RT, for which 1800 Kg of steam at a pressure 
of 8 Kg/cm^ would be required, through use of double effect 
chillers* On the other hand, an estimation of steam genera¬ 
tion potential from D.G. sets showed that upto 800 Kg of 
steam could be generated from both the sets. It was therefore 
decided that a oil fired package boiler be installed to meet 
the balance of steam requirements. 

The final system installed comprised of following components. 
- 2 waste heat recovery boilers, one bn each D.G. Set. 

. .2 
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THERMAX 


- 2 oil fired package boilers, one to be operated on continuous 
basis, while the other to be a standby for periods when D.G. 
sets do not work. 

- A two stage, 400 RT nominal capacity, steam fired vapour 

absorption chiller, imported from Japan. 

I 

- All associated piping, low side equipments, water softner and gas 
bypass valve. 

The additional investment on this project, over and above the 
money the company would be spending had they gone in for con¬ 
ventional chillers, is around Rs. 30 lacs, which is expected to 

be recoveredHrn years tine, after taking into account finan- 

% 

cial benefits due to accelerated depreciation, etc. The project 

specs are enclosed. 

i 

However, apart from monetary savings, the company considers the 
main advantage of the project in reduction of dependence on grid 
supply, reduction in maintenance and operation skill requirements 
for chillers and a quiet operation. 





THOMSON PRESS - AIR CONDITIONING WITH 
VAPOUR ABSORPTION CHILLERS. 


CAPACITY OF D.G. SETS 

EXHAUST TEMP. 

AVERAGE LOAD 

MINIMUM LOAD 

COST OF GRID POWER 

COST OF POWER §ROM D.G. SET 

DESIGNED CAPACITY OF EXHAUST 
GA5 BOILERS AT 75% LOAD 

CAPACITY AT 500 KW 

CHILLER CAPACITY 

STEAM REQUIRED AT FULL LOAD 

OIL FIRED BOILER CAPACITY 


- 2 Nos. PETBOW MAKE, 1015 KVA each 

- 450°C. 

- 75% 

- 500 KW 
*0.8 KWH 

- fe. 1.1 /Kwh 

- 400 KG/Hr each. 

- 300 KG/Hr each. 

- 400 TR 

- 1000 KG/HR 

- 1000 KG/HR each. 




CASE 4 


INSTALLATION OF CERAMIC RECUPERATOR 
ON BOX TYPE FORGING FURNACES. 


THIRMAX 


The company is one of the largest forging companies in India. 

They have a number of large furnaces, all firing L.D.O. Tem¬ 
peratures, maintained are around 1200 C. The company has been 
on the look out for a reliable heat recovery system, for a 
long time, without much success. Due to high flue gas tempera¬ 
tures, metilic recuperators were not expected to be of great 
benefit. Ceramic Recuperators on the other hand, could handle 
these high temp, gases with ease and thus save substantial 
money for the company. 

Two box type furnaces were therefore chosen in the initial 

phase for installation of Ceramic recuperators. Each of these 

consumes around 150 Kg/hr of L.D.O. 4 Nos. North American 

LAP burners have been installed on each furnace. Our experience 

% 

has shown that this type of burners can handle preheated air 

upto around 500°C. Hence' recuperators were designed for inlet 

flue gas $emp. of around 1100°C and an outlet air temp, of around 
o 

460 C at 40% effectiveness. The eductors provided on the gas 
side, compensate the pressure drop actoss the recuperator. 
Separate blowers have been provided for eductor air in each of 
the furnaces. Separate blowers for atomising air already existed. 

The post commissioning trials have shown a preheated air tem- 
o 

perature of 450 C and pressure drops of 6 mm wc and 37.5 mm wc 
on gas and air sides respectively. No adverse effect has been 
observed on burner/furnace operation. Eash of these installations 
is likely to save 15—20 litres of oil per hour, resultina in 
e simple payback of less than 3 months. 





SPECIFICATIONS OF CERAMIC RECUPERATORS 
ON BOX TYPE FORGING FURNACES. 


THERMAX 


Type of Recuperators 

Model No* 

Type of burners 
Make and model $ 

Number of burners on each 
furnace 

Pressure at burner 

Flue gas outlet temp* as 
measured 

Designed effectiveness.of 
recuperator 

Designed press, drop gas side 

Designed press, air side 

Actual press, drop gas side 

Actual press, drop air side 

Oil consumption before in¬ 
stallation of recuperator 

Oil consumption after in¬ 
stallation of recuperator 


- single block, Ceramic matrix 
type. 

- TCR-150 

- LAP 

- Wesman, North American 
No. 5425-6 

- 4 

- 20" of water column 
» 1060°C 

- 40$ 

% 

- 15 mm wc 

- 50 mm wc 

- 6 mm wc 

- 37 f 5 mm wc 

- 150 Kg/hr 

- 130-135 Kg/hr 




INDUSTRIAL COGENERATION 
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WORKSHOP ON ENERGY MANAGEMENT IN INDUSTRIAL SECTOR 

NEW DELHI # 
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COGENERATION 


o Cogeneration is the combined production of electrical 

or mechanical energy and thermal energy 

o Cogeneration is not a new concept 
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Fuel chargeable to power concept, (a) Noncogeneration system, (b) Cogeneration system. 






COGENERATION TECHNOLOGIES 


Cogeneration technologies generally based on two 
power cycles 

— Topping Cycle : Fuel used to produce electric 
or mechanical power. Waste heat from power 
production then used to provide useful thermal 
energy 

— Bottoming Cycle : Fuel used to provide heat 
for prjpcess* Waste heat from process then used 
for power production 


Topping cycle has wider industrial applications 

Topping cycle systems 

— Steam turbine systems 

— Gas turbine systems 

— Combined gas-steam turbine systems 

— Diesel engine systems 

Bottoming cycle systems 

— Steam Rankine cycle systems 

— Organic Rankine cycle systems 



STEAM TURBINE SYSTEMS 


o Most common cogeneration system 

o Steam turbine types 

- Backpressure 
— Extraction 


Extraction condensing 



Straight Smgla Automatic- Double Automatic- 


Noncondensing Extraction Extraction- 

Noncondensing Noncondensing 

<SNC) CSAENC) (DAENC) 



Single Automatic- Double Automatic- Triple Automatic- 

Extraction- Extraction- Ex tract *oo- 

Condensmg Condensing Condensing 

(SAEC) (DAEC) (TAEC) 

o Unit size : 0.5 - 100 MW 

o Electric efficiency 

- Full load : 14-28% 

- 50% load s 12-25% 


o Heat rate 

- Total : 11,550-22,750 kJ/kWh 

- Net : 4,250- 5,700 kJAWh 

o Electricity to Steam ratio s 28-70 kWh/GJ 
o Availability : 90-95% 


# 



INLET-STEAM CONDITIONS 


1800pslg 
12 402 kPa 

14 50 psig, 
9990kPa # 
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8612 kPa 
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250psig 
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GAS TURBINE SYSTEMS 


o System consists of gas turbine end waste heat recovery 

system 

0 Waste heat in exhaust gases recovered for 

- Heating process fluids or generating steam in 
unfired or supplementary fired waste heat boiler 

- Direct process use 

- Use as preheated combustion air 




Turbine Exhaust Used to Produce 15 psi Steam 
with No Additional Fuel Burned 


/I 


STACK 


* 




Saturn 

Centaur 

Mars 

Heat Credit 
millions Btu/hr 

9 55 

26 55 

63 32 

Exhaust Temperature 
•F 

835 

618 

877 

Fuel input 
million Btu/hr 

12 6 

385 

954 

Electrical Output 
kW 

600 

2795 

8513 

Air Mass Flow 
thousands Ibflv 

49 3 

140 1 

299 

Net Fuel Rate 
BtuftWh 

4063 

4276 

3766 


Turbine Exhaust Used Directly as Hot A^r Source 
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STACK 
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EXHAUST duct 


BOILER 




Saturn 

Centaur 

Mara 

Suck Temperature 
•F 

260 

260 

250 

Steam Output 
Whr 

16 947 

48 160 

TOT,633 

Additional Fuel to Burner 
million Btu/hr 

11 67 

33 76 

657 

Exhaust Temperature 
•F 

635 

818 

877 

TurDine Fuel Input 
million Btu/hr 

12 6 

385 

964 

Electrical Output 
kW 

600 

2795 

8513 

Air Mass Flow 
thousand Ib/hr 

49.2 

140.1 

299 

Net Fuel Rate 
Btu/VW 

3313 

3673 

3768 


Turbine Exhaust with Duct Burner to Supplemental Fire Exhaust 
Temperature to 1700°F in 200 psig Boiler 


o Unit size : 0*1-120MW 

o Electric efficiency 

- Full load : 24-35% 

- 50% load s 19-29% 

o Heat rate 

- Total : 9,250-13,450 kjAwh 

- Net s 5,200- 6,150 kJAWh 

o Electricity tc Steam ratio : 130-215 kWh/GJ 

o Availability : 90-95% 



Ruston TB5000 Gas Turbine 
Cogeneration Performance 


Go* Turbine Output 

Power. 3460KW 

Heat rate.14.130Btu/kWh 

Fuel flow.2574lb/hr 

Airflow.459lb/sec 

Exhaust gas.918°F 

Specific power.75 4kW-sec/lb air 


Operating Conditions 

Computer-derived steam curves are 
calculated for base load output of 
the gas turbine at 59°F sea level site 
conditions burning natural gas fuel, 
with 4-inch water inlet and 10-inch 
outlet losses, with the exhaust ducted 
into an unfired single-pressure level 
waste heat recovery boiler. 




HRSG Heat Rejection 


Steam Temperature 








General Electric PG5361 Gas Turbine 


Gas Turbine Output 

Power.25.010 MV 

Heal rate.1Z430 Btu/MMi 

Fuel flow.16.362 ib/hr 

Airflow.267lt>/sec 

Exhaust gas.922*F 

Specific power__ 93.7kW-sec/Sb air 


• 160000 ib/hr 


■14QOOO Ib/hr 



Operating Conditions 

Computer-derived steam cuves are 
calculated for base load output of 
the pas turbine at 59*F sea level site 
conditions burning natural gas fuel, 
with 4-inch water inlet and 10-inch 
outlet losses, with the exhaust ducted 
into an unfired single-pressure level 
waste heat reccvery boiler. 


-120XJ00 Ib/hr 


600* I 


■100000 Ib/hr 


I ?' 200 psia 

Steam Production Capability 


Steam ftewure 

400 psia 600psia 


aoopsla 1000 psia 1200 

■ i i 








COMBINED CYCLE SYSTEMS 



Combined cycle for power generation. 


PROCESS STEAM 



Combined cycle for power and process beat generation. 


O 

O 


O 


O 


Unit size : 4— 120MW 

Electric efficiency 

— Full load s 34—40% 

— 50% load : 25—30% 


Heat rate 

- Total 

- Net 


7,600—9,500 kj/kWb 
4,750-5,700 kJ/kWh 

s 165-300 kVvh/GJ 


o 


Electricity to Steam ratio 
Availability : 80—85% 






DIESEL ENGINE SYSTEMS 


Diesel engine types 


Type Speed (rpm) 


Power (MW) Cycle Efficiency!* 


High speed > 900 

Medium speed 400-900 
Low speed .<200 


0.1-1 

1-10 

5-30 


4 stroke 
2/4 stroke 
2 stroke 


34 

38 

40 


Unit size s 0.1 - 30 MW 


Electric efficiency 

- Full load : 33-40% 

- 50% load ? 32-39% 


Heat rate 

- Total s 7,850-9,750 Kj/kWh 

- Net s 5,700-7, 100 KJAWh 

Electricity to steam ratio : 330-660 kWh/GJ 


Availability 


: 80-90% 



Hoffmann-La Roche Diesel 
Cogeneration System 






Energy Flow Diagram 




Bottoming Cycle Concept 
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FUTURE TECHNOLOGIES 


o Fluidised bed boiler - Steam turbine system 
o Pressurised fluidised bed boiler - Gas turbine system 
o Coal gasification combined cycle system 

o Fuel cells 

o Stirling engine systems 





TOTAL INST, 


•Total Ins tattoo Costs Include Engine, 
Heat Recovery, Fuel Handling, Etc. 

Diesel Engines Bum Residual Oil 

Gas Turbines Bum Distillate Fuel 1 


COAL FIRED 
STEAM TURBINE 


J 700 

& 


MEDIUM 

SPEED 

DIESEL 



OIL FIRED 
STEAM TURBINE 




SLOW SPEED 
DIESEL 


GAS TURBINE 


POWER OUTPUT (MEGAWATTS) 


Cogeneration Systems Total Installed Costs* 




MILLS/kWh 
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Cogeneration Systems Operation and Maintenance Costs 



COGENERATION SYSTEM SELECTION AND DESIGN 


o Technical factors 

- Electricity requirement 

- Thermal energy requirement : temperature level, quantity 

- Daily, monthly, seasonal variation in electricity and 
thermal energy demands 

- Balance between electric and thermal demand 

- Fuels availability 

- Retrofit vs. new installation 
System reliability 

- Operation and maintenance aspects 


b Economic factors 

- Available capital 

- Rate of return required 
Energy costs 

- Buy-back rates 


I 




Match between process and energy-conversion system (ECS) when power-heat 
ratio of ECS is greater than required. 



tr 


Process 



Heot 


Match between process and ECS when power-heat ratio of ECS is less than 
required. 



INSTITUTIONAL AND REGULATORY ASPECTS 


o Legislation enacted in a number of countries, e.g., 
U.S.A., U.K., France etc. to encourage cogeneration 

o In the U„S., PURPA (Public Utility Regulatory Policy 
Act, 1978) requires utilities must buy power offered 
by cogenerator at its avoided cost at a negotiated rate 

o Major issues pertain to both utility and cogenerator 
concerns 

- Conditions for purchase of cogenerated power bv 
utility y 


Purchase rates 

— Avoided cost concept 

- Time (peak, off-peak) or seasonal component 
Interconnection 

Wheeling 

Banking 

Effect of dispersed, oogenerators on grid 

Effect of grid perturbations on cogeneration system 





Co-Generation Potential 


Industry No. of Units 

Surveyed 

Total power 
demand 
MW 

Co-gene¬ 

ration 

potential*- 

MW 

Pulp A Paper 

3 

37.5 

56.0 

Refineries 

4 

37.3 

40.0 

Rayon 

3 

17.1 

28.0 

Chemicals 

9 

33.0 

47.0 

Fertilisers 

9 

193.0 

250.0 

* The co-generation potential has 1 

been determined, ori a site by 

site basis, with i 

regard to suitably tailored 

power-steam. 

eyrie*. 




Co-Generation 

Investments 


Type of Unit 

Captive 

Incremen- 

Incremental 


genera- 

t&l 

Investment 


tion 

Investment 



posable 




(MW) 

(Rs. lakhs) 

(R../KW) 

Pulp & Power 




(200 tonnes/day) 

28 

576 

2057 

Rayon 




(4000 tonnea/annmn) 14 

342 

2630 

-Chemicals (Polymer 



—30,000 tonnes/ 




annum) 

17.5 

384 

2194 

Fertiliser (Urea— 




350,000 tonnes/ 




annum) 

18 

400 

2222 
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What are models 


Models are a set of mathematical equations 
representing the behaviour of any system that has been 
modeled and modelling is the use of these general 
mathematical and statistical techniques in either an 
economic engineering or systems approach. 


What modelling can contribute 

Modelling allows us to make systematic use of 

' I 

fragmented pieces of knowledge and expert opinions. One 
way of looking at modelling is that it permits us to 
carry out rigorously a weighting scheme that may involv.e' 
estimating and applying differential weights to hundreds 
of factors — be they assumptions or pieces of 
scientifically derived data. In the case of energy 
modeling? we deal with science? technology? and human 
behaviour. In oil refining? for example? we know the 
physical . properties of crude oil and of refined 
petroleum products. How much of each product is 

actually to be produced is a decision made by managers 
and is the result of their analysis of the market? 
availability of future supply? near-term demand? 
interest rates? and many other factors. 

✓ Through modeling? we can enforce consistent and 
explicit accounting of energy resources as they move 
through the production? transportation? transformation? 
inventory? and consumption phases of their life cycle. 
Multicriteria analysis allows us to analyze future— 
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oriented scenarios under different assumptions and 
competing objectives. Since modeling can be viewed as 
putting together current knowledge of the real worId and 
the best assumptions and conjectures "from experts, the 
rigors of modeling can identify and help analyze 

t 

apparently counter-intuitive relationships. Without a 
model, these would be more difficult or impossible to 
uncover. 

Another contribution of modeling is that it allows 
simultaneous examinations of various interrelated parts 
of the energy and economy systems. While energy 
modeling in itself is a valuable inpu£ to government and 
business decisionmakers, carrying out such modeling 
without explicit consideration of the overall economic 
environment leads almost surely to incomplete and 
potentially misleading results. 

While acknowledging the potential value of 
modeling to the consideration of energy issues, - we may 
not really be able to measure the specific contributions 
of energy modeling. What tests of success should we 
use? Consider an example from the private business 
sec tor. A simulation model of an oil refining process 
may be used to manage the production slate of an oil 
refinery. If the model does not correctly calculate 
outputs of various products, then it can be fine-tuned 
until it meets design specifications. On the other hand. 
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in a public agency responsbible for energy information* 
the goal is to support decision-makers dealing with less 
well-defined problems- Models can assist a policymaker 
by s 

. helping him think through a set of options 
systematically 5 

. identifying critical points or decision points 
for possible policy action; 

. identifying robust aspects of policies or 
energy/economy systems with respect to key 
uncertainties; and 

. providing fairly specific projected outcomes 
that would result from alternative decisions. 

Prior to trying to assess the value of a model to 
a policymaker* we should have answers to questions such 
as the followings 

- What are the costs of not having projections or 
a comparative analysis of more than one option? 

. How much of a policy decision was based on the 
output of a model? How much did each of several 
models contribute? 

. Did the models help the policy-makers to 
organize their thoughts—to clarify or focus any 
decisions? 
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Without answers to these questions, Me are simply 
left withs "Is the policymaker better off with the model 
solution or not?" Another way to think of that is, 
“What are the costs of not knowing?" 

While energy models may allow us to make 
systematic, differentially weighted use of knowledge and 

assumptions, the extent of which they do this thoroughly 

a 

and well is the key to giving the policymaker the 
benefits of assimi 1 tation of a mass of input and 
reduction of complexity. 


Policy Models And Engineering Model* 


The-models being used in the energy field can be 

divided into two kinds, policy models and engineering 
models. The latter are concerned with design of 

systems, with technical questions about how to construct 
things, with physical inter-relationships, etc. The 
former are concerned with decision making, with the 
social, economic, and environmental interfaces of the 
energy problem, with strategies and policies for meeting 
desired energy goals, and so on. It is fairly easy to 
assess the value of an engineering model. Policy models 
are not so easy to assess. For, these models are 
usually used to make policies with a relatively Ibng 
time horizon. Also, it fs hard to assess the relative 
role played by a model in a policy decision. The final 
decision is based on many inputs, not just that from the 
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model* and even where the decision is heavily influenced 
by a model* the final implementation might be somewhat 
different than that recommended by the model. 

The model builder needs to define the policy 
question in order to decide what kind of detail to build 
into the model to make it useful. The policy maker must 
know what kind of policy question he has to answer in 
order to determine what type of model would be suitable 
for answering it. As there is no model appropriate for 
all purposes. Therefore an articulation of the policy 
question to be answered is mandatory. Accordingly, a 
model can be evaluated only in terms of its usefulness 
for responding to particular type of policy question. 
Also relevant for this evaluation is the time frame in 
which the policy question applies — some models are 
clearly appropriate for short—run analysis and others 
are applicable only in the long-run. 

Criteria For Model Choice 

□nee the policy question and a time frame have 
been established* the criteria for choosing a model come 
into play. From both the user's and the model builder’s 
point of view* the following considerations should be 
taken into account: 

1) a theoretical structure that incorporates 
functional demand* that is* demand for a 
particular service* and not for a particular 
tupe of energy 


5 



£> the effect of price 

3) the effect of technological change 

4) fuel substitution possibilities 

5) a scheme for data disaggregation that can 

conveniently be aggregated to summarize 
results 

£>) the constraints of the natural resource base 

7) the treatment of environmental effects 

i 

8) accuracy 

9) level of aggregation 

10) time horizon 

11) cost. 

For regression models a more specific list of 

characteristics are: 

1) disaggregation by sector, region, and fuel 

type 

£) the inclusion of price effects 

3) attention ' to the theoretical structure of 
demand 

4) a distinction between the capital stock of 

energy using equipment and the energy usage 
pattern. 

Conditions for Effective Model Utilization in Policy 
Decision-Making “ ” 

* liP.hnical. Quality 

The models and analysis should be technically sound. 


S. Focus 

The models and the analysis should quantify answers 
to specific policy questions* and estimate the 
impact of alternative ways of answering those 
questions. 

3. Zi.CQi.Qa 

The timing of the analytical or modeling 'effort 
should l5e right. 

4. Credibility of Output 

5. ConiQiUnicatiqn of Results 

Either ‘the decision-maker is trained in the skills 

of_quantitative analysis and modeling or* more 

commonly* someone like a "translator” is involved. 

Techniques for Energy Modelling 

The three most commonly used approaches to Energy 
Modelling in the current day are econometric modelling* 
process modelling and systems dynamics modelling. 
Econometric modelling has its underpinnings in 

economic theory. A regression equation is not 

necessarily an econometric model. Equation estimates 

such as Energy—GDP elasticities are basically 

correlation analyses of one variable with another. A 
well-known example of econometrically based energy 
economy model is the Hudson and Jorgenson Model <1974) 
in which the factor and production market models are in 
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an input—output framework, but are econometrically 
estimated. 

The engineering ott process group of models have 
their distinguishing -features is their planning and 
their management nature- Programming models in 

particular provide optimum allocation rule -for a parti¬ 
cular objective -function and set of inequality con¬ 
straints - 

Systems dynamics has emerged as an offspring of the 
development of computer systems and software. This has 
provided an extremely flexible tool for modelling 
complex phenomena from a number of different dimensions 
(time, space, etc-), enabling hierarchical levels of 
entry into the model by the model user, the linking of 
many sub—models- 

Some distinguishing aspects of the above approaches are 
described in the following summary remarks! 

a- Econometric modelling is primarily deductive in 

nature; it is also behavioural in that underlying 
optimization behaviour is assumed for producers and 
consumers- Alternative economic models may be 

descriptive, analytical, or predictive- Most 

analysis is conducted at relatively aggregated levels 
using estimates of "summary" statistics <or 
analytical measures) such as demand elasticities, 
elasticities of substitution, and multiplier 
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estimates. An important "feature of . econometric 

modelling is its linkage to economic general 

* ? 

equilibrium theory and economic welfare theory which 
provides the basis for economics (and econometric 
modelling) as a policy science. 

b. Engineering? programming? and other systems of 
modelling tools are primarily empirical and 
descriptive in nature. Many programming techniques 
are used within economic analysis and an overlapping 

sub—discipl ine of "engineering economics" uses these 

✓ 

techniques in performing cost accounting and cost- 
benefit analysis of engineering projects. This is a 
type of analysis distinct from economic modelling 
since cost analysis is only one aspect of economic 
analysis- The latter? in principle? would include 
market and general equilibrium effects? for example? 
on labour and capital markets (this also applies to 
pay—back and profitability analysis)- 

c. Systems dynamics modelling is relatively inductive 
and sometimes attempts to be "behaviourly realistic” 
(i.e. depicting actual real world activity in 
modelling a particular energy-economic system)- 
Simulation analysis? rather than forecasting? is the 
primary use of these models- The systems dynamics 
approach is extremely flexible in terms of dealing 
with complex phenomena and can use a number of 
modelling methods within any single ovei all systems 



' (e.g. programming ‘"For one sub—model* etc.). One 
inherent limitation of behaviotlr ly realistic system 
dynamic models occurs in explaining the reasons for a 
specific simulation results the reasons within the 
model for a particular outcome may be as complicated 
and unclear as they are in the real world. 

Causal *forecastin» /econometric models 

• 

Once estimates of the parameters of an economic 
model are available* the model can be employed to 
forecast the dependent variable if the associated values 
of the independent variables are given. It is this 
forecasting method* relying on the causal interpretation 
of the economic model in question* that is usually meant 
by the terminology ’econometric forecast’. The model 
used can range in sophistication from a single equation 
with one or two explanatory variables to a large 
simultaneous—equation model with scores of variables. 

Uhile application of the econometric approach can 
give a general indication of how energy demand will 
evolve in response to fuel prices* it should be noted 
that this response cannot be stated in terms of specific 
technological changes* even though it is recognized that 
for a change in energy demand to occur* some change or 
modification to production technology must take place. 
Indeed* proponents of the econometric approach would 
argue that this is one of the advantages of the 
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approach* in that the effect of technologies yet to be 
developed can be taken into account (without actually 
defining them). Of course* for this to be valid* one 
must suppose that the tape of technological response 
induced by the price changes in the historical period 
that is subject to the econometric estimation will 
continue into the future. 


Process Models 

An alternative to the econometric approach is that 
of socalled process model* in which the slate of 
technological alternatives is explicity stated* and for 
which the model then selects the optimum capital 
expansion path for that industry under some given fuel 
price trajectory. Obviously, technologies that have yet 
to be discovered cannot be captured by the model* which 
is not too serious for short planning horizons* given 
the very long gestation periods between discovery of a 
process* and its ultimate commercialization. 


A process model can be viewed as a tool to derive 
energy demand curves for specific industries. That is* 
for some given level of production* (say P tons of 
finished steel per year)* and for a given set of energy 


and non—energy prices* what quantity of energy will be 
demanded to sustain that level of output. Cleai ly that 


wi11 depend on the sperif ic technologies used in the 
production pi ore-ss* and in pai ticular on the degi eo to 
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which capital can substitute tor energy 


Consider* as an illustrative example* v a very 

simple model of the steel industry (Figure 7.R). Assume 

that there are J steelmaking processes (open hearth, 

electric arc* etc.)* and let the amount of steel 

produced by each technology be denoted x . Then if the 

j 

total production level for domestic steel is x* we 
require first tliat 

£ » X 

Next, let the existing capacity of each type be C . 

j 

Then it follows that production each process cannot 
exceed the capacity of existing plus new mills of that 
type * i . e_._ 

x ^ C + C <N) 
j j j 


where C (N) is the capacity to be added over the 
j 

planning bonzon. In constraint form* in which all 

* 

endogenous variables appear’ on the left hand side* '(7.2), 

is written 

x - C (N > < C 

j j j 
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Suppose there are K energy inputs (different -fuels) and 


L non-energy inputs (labor, iron ore, etc.) and suppose 
that 

ejk represents the unit requirement of energy of 
type k for process j 

k cost per unit of k 

fjl represents the unit requirement for the non- 
energy factor of production 1 for process j- 

1 cost per unit of 1 

then the total industry wide consumption of fuel k is 
given by 

£ - e i k = Ek 

3 


and the industry wide input of factor 1 is given by 

- fji = Fl 
3 


Hence the cost to be minimized is 

c = Ajt- E +T 1 . F + C < N) - W . CRF<i,n) 

k 1 j 3 

where 


W is the capital cost for additions of type j - 

j 

CRF(i,n> is the capital recovery factor at 
discount rate i and planning horizon n» 

It should be noted that each technological modification 

of some basis process (such as oxygen landing in open 

hearth steelmaking) would be represented in the model by 

a separate x , since sometimes even minor process and 

j . . 

conservation modifications will result in drastic 

changes in the mix of factor (and thus also .energy) 


inputs - 



This simple Linear program* then* enables one to 
predict the -future energy consumption in the iron and 

i 

steel- industry as a -function of energy and non—energy 

■factor prices* and as a function of the capital costs 

* 

■for di-f-ferent technologies. This is* to be sure* a 

highly simplified description of the industry. The 

objective function can be more complex* too* reflecting 

industry decision criteria that take into account such 

* 

items'as taxes and depreciation allowances* and may be 
framed in terms of a minimization of net present value 
rather than minimization of an equivalent annual cost. 
A dynamic Version may also be necessary to be more 
precise in estimating the capacity expansion path of the 
industry. 

Simulation models differ quits fundamentally to 
optimization models. An optimization model can be 
represented by 

Max (or Min) f(x)* 

-subject to g(x) =0 

that is* some function of x is optimized subject to a 
set of constraints on x* if the objective function and 
the constraint set arc linear equations in x* and x > O* 
we then have socalled linear programming model* many 
applications of which we have already discussed. In 
contrast* a simulation model can be represented simply 
by 

h (x ) = O. 
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As an example, 


consider the ■following set of 
that link price, investment and consumption 
energy forms 

d -mrf 

I = Y (Q - Q ) 

O 


I 


Q 




equations 
of some 


< 10.1 ) 

(lO.E) 

<10.3) 


where 


and where 


= price 

Q = consumption <demand) 

I = investment 

/ 

* , Y, * Q * * and are constants. 

O 


Me th us have three simultaneous equations in three 
unknownss because they are non-linear (for example* 
equation <10.3) involves a term that includes both I and 
Q>* this cannot be solved by a standard elimination 
procedure (as one could in the case of a set of linear 

J 

simultaneous equations). However* there are a number of 
iterative methods that can be used. 


A major advantage of such simulation models is 
that we are not limited to linear functions: thus price- 
investment relationships can be captured with a greater 
degree of realism — recall* for example* the 
difficulties of treating scale economies and fixed 
charges in the linear programming formulation. Indeed* 
in the simulation framework the functional relationships 
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can 


be fjtjtite arbitrary — although convergence 
properties may not be quite as well behaved- as in the 
above hypothetical example- The major disadvantage of a 
simulation model, however * is that single run of the 
model rarely provides much in the way of policy 
guidance: alternative policies must each be simulated in 
turn, and the optimal policy evaluated on the basis of 
comparison of each run- Obviously, such a procedure 
only guarantees a local optimum: that is, we can 
identify the best choice from among the finite number of 
policy simulation runs. This contrasts with, say, the 
1inear programming model, whose solution can be shown to 
be the global optimum ( i - e . , the optimum from among the 
almost infinite number of feasible solutions) — always 
assuming we meet all of the necessary conditions of 
1inearity and convexity- 

The Perils of Policy-Modeling 

Modeling for policy use is always difficult, and 
energy/economy modeling is especially difficult. First 
we must acknowledge that each time we choose a 
particular formulation concerning the functioning of 
markets, the general structure of a national economy, or 
a relationship between the energy component and the 
economy as a whole, we expose our modeling efforts to 
the problems and pitfalls of the underlying theory 
behind the structure we adopt. 
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The most obvious limitations of energy models or 
■for that matter any model is their incompleteness - . Any 
representation of - reality cannot be true in every 
detail: at best one abstracts' from reality those 

elements that are important and supresses unessential 
details. Particularly interesting -from this point of" 
view is the trade-- off between time and energy. This 
trade— off between energy and time is so -fundamental 
that it often goes unnoticed in discussions of energy 
policy. 

The other important limitations of models is con¬ 
cerned with uncertainty. There are two sources of 
uncertainty — in parameters and intrinsic indeterminacy> 
because of the methamatical structure of the system, 
because of the underlying intractability of the world 
that is to be modeled. Most models depend ■ on parameters 
often derived from historical time series.- The guest ion 
that arises here is on the accuracy of any 
forecasts/analysis based on these parameters (for ex - 
price elasticities) which are based oh historical time 
series data ranging probablly over a wide span. 

Conclusions : 

Energy problems are so large and so complex that 
existing technical tools and capabilities are 

overwhelmed by them. New and more powerful mathematical 
or computational tools must be developed and obviously 
one way to improve the performance of modeling is to 
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make such new tools widely available to model builders. 


It should be emphasized, however** that the 
* 

development of new technical tools will not. be enough to 
bridge the gap between the complexity of energy problems 
and the lack of power of existing tools. Energy 
problems are sufficiently complex that it is likely that 

any policy model used to study them will be required to 

l 

make rather strong simplifying assumptions in order to 
be mathematically and computationally tractable. What 
is required, then, is a new attitude about the role of 
models, which is different from the traditional 
engineering attitude. Models in policy analysis have a 
different role to play, as one of a number of devices to 
gain intuition and understanding about complicated 
systems, when it is hopeless to gain the same level of 

understanding as' one can about a machine or a plant. 

* 

One of the reasons that many decision makers are 
disappointed in the assistance provided by models is 
that they are used to the very definitive, "right or 
wrong" kinds of answers attainable from engineering 
models, and expect too much of policy models. Hence, 
one of the methods for improving the performance of 
models is not so much improving their performance per 
se, but changing expectations about this performance. 
In sum, models used to make policy should be thought of 
as learning and communication devices, used to identify 
and assess alternativos, make precise otherwise hard to 


ta 



specify ideas, and used to assist in thinking carefully 
about complicated interconnections, relationships, etc. 
If one emphasizes the learning aspects of modeling, and 
de-emphasizos the role of the model as the final source 
of. a decision, a big step has been taken in putting 
models in their proper place. 

Now if # one accepts the idea that a model is a 

learning device, it follows that the user must 

/ 

participate in the modeling exercise as much as possible 
so as to benefit from the educational experience. There 
is one other point that goes along with this last one. 
A decision maker should not ask a model to provide a 
single number for an answer. Nor should the decision 
maker make too much of any numbers which are produced. 
He should be more concerned with the pattern or general 
direction of effect predicted. 
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Introduction 

In many industries, little attention is often paidto off storage, handling 
and preparation facilities. The result? Puddles of oil near the pump* 
house and storage tanks—an indication of leaky joints, flanges and 
pipelines. Clogged filters, which impose an additional on the 
pumps. And poor combustion, manifested by smoky or spluttering 
flames leading to high fuel consumption. 

Spilt oil is an easily avoidable waste, and renders the ground slippery 
and dangerous. For efficient burning, foreign matter such as dust, 
water, coke and sludge particles in fuel oil should be removed by 
adequate filtration. It is also necessary to examine several aspects, 

such as pumpability of oil during winter months, the type and capcrty 

ofthe pump,the length ofthe pipelines, and the sizing of pipes.Qorrec 
preheating of fuel oil prior to combustion is also important for fuel 
efficiency. We shall cover some of these aspects, which have a 
significant effect on the fuel consumption in your plant. 
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Fig. 2 ~ 

lais of even one drop every second can cost you over 4,000 
few a year. 

Mow to store furnace oil 

ftis wrong and wasteful, even dangerous, to store oil in 
barrels. Furnace oil is best stored in cylindrical tanks either 
above or below the ground. Generally, the main storage 
tank is erected above ground when the capacity exceeds 
70,000 litres. For lower capacities, underground storage 
may be more economical. When erecting a storage tank 
above ground, rememberto maintain safety distances from 
the surrounding structures, as prescribed by the Explosives 
Department. 

* 

Storage tanks are generally made from welded mild steel 
plates. The overhead tank should be mounted on concrete 
blocks, which provide a slight gradient of 1:50 towards the 
drain valve. 
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Fig. 3-DETAILS OF STORAGE TANK 

Each of the following fittings has a definite role to play. 
Perhaps your tank does not have some of them. 

The outlet or draw-off pipe should be located attheraised \ 
tank end, no less than 15 cms. from the bottom. I 

The vent pipe, of gooseneck type, should be located ati§ 
highest point of the tank to facilitate filling by venting** 
oil vapour during the filling operation. It should beat least 
5cms. in diameter and provided with a strainer at theouttet 

The fill-pipe could be located either at the top or at the 
bottom of the tank. If located at the top, it must be ensured 
that the pipe descends almost to the bottom of the tank. 
When located near the bottom, it is important to position* 
non-return valve on the line to avoid furnaceoil re-entry into 
the tank-truck on account of back pressure. To avoid leak* 
of oil during decanting, it is advisable to have a camlock 
coupling at the filling end so that it fits snugly on the 
delivery hose. 

The drain pipe, which is fitted at the lower tank end boNn 
is used to periodically remove the accumulated water,ksa 
difficult task to drain the water and sludge from 
underground storage tanks. The water and sludge vrWA 
settle down at the bottom should, however, be renrndti? 
a handpump. It would be advantageous to have twosucii 
pipes—one at a lower level and the other at a higher leveh 
so that in case the sludge accumulation is up to the lower 
point and the suction line chokes up, the alternative I* 
could be put into operation and adequate time wouMbe 
available to decide upon a time schedule for cleaning the 
tank. 

Furnace oil as delivered may contain dust, dirt, gummy* 
matter and water. During storage for prolonged period 
these tend to form sludge which accumulates intheva|i 
'dead spaces' of the tank, where the oil is not agitated#* 


glQIljIg j operations ui u » g wi ii\. II no i gouiio n i ui loiuauy 
lamesand dogging of filters. To avoid this, some means of 
Ration of oil in the tank may be necessary. 


Cleaning of storage tanks, about once a year, will remove 
the accumulated sludge. Besides deaning, periodic 
inspection and maintenance of the storage tank and 
auxiaries is important. 


The service tank 

In addition to the main storage tank(s), industries may have 
oneoranumberof day service tanks located in proximity to 
the units consuming oil. 



The principles enumerated earlier for the maintenance of 
main storage tanks apply here too. The service tank may be 
sized for a shift's consumption or daily consumption—the 
choice depends on capacity required, ease of location of 
tank near the shop, pumping capacity, horse power, etc. 
Certain additional precautions may, however, be taken 
with respect to service tanks: 


a) Service tanks should not be located very near or above 
furnaces, hot air or process ducts, etc. 

b) They may be provided with overflow pipes which lead 
directly below to a sump. As a further refinement, limit 
switches could be provided to avoid the possibility of oil 
overflow. 

c) In gravity feed systems, the difference in height 
between the service tank and the burners should be at 
feast 10 metres. 


Why pay more for receiving less? 

Do you check how much oil you actually receive? Areyou 
paying more for receiving less? It would be war* your . 
while to check the quantity of oil (tecantedfetotoe storage 
tank. Road tankers are prowled with dip$lkte.Jteedings of 
oil level in the various compartments should be taken 
before decantation. The following procedure tray tie- 
adopted before assessing tire quantity of oil in the road 
tankers :* 

i) Ensu re that the tank lorry is parked on firm level groupd. 

ii) The dipstick should be checked to ensure that it is tire 
one calibrated by the Weights and Measures 
Department for the compartment concerned. 

iii) The dip readings of ali the compartments should tie 
checked, and shortfall, if any, can be determined by 
topping up of the compartments with measured 
quantities of furnace oil from the main storage tank. 

iv) If the tank truck has been filled hot, the product in the 
compartment is likely to shrink to the extent of 0.7 
litre/KL per degree centigrade fall in temperature, tithe 
shortfall is higher, it may be due to pilferage. 

v) Your storage tanks should also be calibrated Though 
dip readings instoragetanksare mo re or less reliable,a 
major deviation should be investigated. They nay 
provide a clue to malpractices. 

Removal of contaminants 

Furnace oil should be freed from possible contammartis 
such as dirt, sludge and water before it is finally fedfotoe 
combustion system. 

Furnace oil arrives at the factory siteeither in tank ferries by 
road or by rail. Oil is then decanted into the main 
storage tank. To prevent the possibility of contaminants 
such as rags, cotton waste, loose nuts orbolts or screws 
from entering the system and damaging tire pump, position 
a coarse strainer of 10 mesh size (not more than 3 holes per 
linear inch) on the entry pipe to the storage tanks. 
Progressively finer strainers should be prowled at various 
points in the oil supply system to filter away finer 
contaminants such as external dust and dirt, sludge or 
free carbon. It is advisable to provide these filters in 
duplicate to enable one filter to be cleaned white oil supply 
is maintained through toe other. Fig. 5 gives an illustration 
of toe duplex system of arrangement of strainers. 
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Fig. 5-ARRANGEMENT OF STRAINERS IN A PIPE LINE 

Sizing of strainers 

Location Strainer Sizes 

Mesh Holes/Linear inch 

Between rail/tank lorry decanting 

point and main storage tank 10 3 

Between service tank and 

pre-heater 40 6 

Between pre-heater and 

burner 100 10 

A sluggish problem 

Our problem now is only partially over. Furnace oil 
increases in viscosity as temperature drops, which makes 
handling a little difficult, particularly in winter. At low 
ambienttemperatures (below 25°C), furnace oil is not easily 
pumpable. 

Recommended preheat temperature for pumping 


Oil grade 

Preheating required 
for easy pumping 

Diesel/LDO 

No heating 

80 Cs at 50°C (600 RWi at 100°F) 

10°C 

125 Cs at 50°C (1000 RWi at 100°F) 

20°C 

170Csat50°C (1500 RWi at 100°F) 

25°C 

370 Cs at 50°C (3500 RWi at 100°F) 

35°C 

LSHS 

70°C 


The preheating of oil in the storage tank to render it 
pumjtable can be accomplished in two ways. Either the 
entire tank can be maintained at the pumping temperature 
(bulk heating) or an outflow heater may be fitted to heat the 
oil as it flows out. Bulk heating, which uses steam coils (Fig. 6) 
positioned at the floor of the tank, requires additional heat 
to compensate for the heat losses from the tank surface. To 


reduce steam requirements, it is advisable to insutatytyji 
where bulk heating is used. ' ( . • " 

In the case of outflow heating, only the oil which leav&li 
tank is heated to the pumping temperature. 





Fig 6-BULK HEATING 

While the outflow heater is the preferred choice, bulk 
heating may be necessary where flow rates are so high tte 
outflow heaters of adequate capacity cannot be easily 
installed, or when using special fuels such as low sulphur 
heavy stock (LSHS). 

The outflow heater is essentially a heat exchanger, with 
steam or electricity as the heating medium. The heater 
protrudes from the suction connection into the oil space. 
(Fig.7) 

Important 

Thermostatic temperature control of the oil is necessary*) 
prevent overheating, especially when oil flow is reduoaslet 
stopped. This is particularly important for electric heated 
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sOTCetxl may get carbonised when there is no flow and the 

heater is on. 

) 

i 

fheimbstats should be provided at a region where the oil 
hows freely into the suction pipe. 
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Fig 7-OUTFLOW HEATING 

Preparation of furnace oil for 
combustion 

The preheating of furnace oil in the storage tanks renders it 
pumpable. However, furnace oil generally has to be heated 
further so that its viscosity is appreciably lowered to suit the 
burner. This operation is extremely vital if we are to ensure 
that furnace oil is properly atomised by the burner—an 
essential condition for efficient combustion. A thermometer 
should, therefore, be provided on the oil line. 

Atemperature viscosity chart could be used to obtain the 
conectpreheattemperature.(Fig.8) For example, manufacturers 
of low air pressure burners generally specify a viscosity 100 
Redwood seconds No.1 at the burner tip. With the furnace 
oil generally marketed now (1500 Redwood seconds No. 1 
at 38T), this would need preheating around 100°C. 

The oil can be preheated by either electricity or steam. The 
capacity of the preheater depends on the oil flow rate and 
the required rise in temperature. 



Oil Flow 
rate (litres/hr.) 

Preheater . 
capacity (kwf 

$team 

requirements 

{kg/hr.} 

5 

• 0.5 

1 • 

10 

1.0 

2 

15 

1.5 

3 

20 

1.5 

• 4. 

25 

2.0 

5 

50 

3.5 

10 

Every additions! 

Additional 

Add&ohSl 

50 litres/hr. 

3.5 kw 

!0 kg/hr. 


is necessary. 

capacity is 



necessary. 


It is essential that preheaters are provided with a 
thermostatic control to prevent oil carbonisation when flow 
is stopped. It would be a good practice to insulate the 
preheater as well as the oil delivery line from the preheater; 
right up to the burners. During start-ups, cold oil may be - 
present in the oil lines upstream of the pfeheater. It should 
be drained by providing suitable drain codes on the fine., 

f "' 

Pump capacity 

It is advisable to use a positive displacement pumpsuch as a 
gear pump, for pumping furnace oil. Sometimes no oil gets 
transferred through the pipes because of ©ecsess&e '; 

pressure drop and cavitation at the pumps. Aoe*«^iga1 ' 
pump is therefore, not recommended, as the oil viscosity 
increases, the efficiency of the pump drops sharpfy andthe 
horse power required increases. i 

It is also necessary to size die pipelines property so that - 
there is no excessive pressure drop and the required oil How 
rates are obtained. On expansion of facilities, the adequacy 
of pipe sizes for transporting larger quantities of oil should 
be reviewed. It is preferable to lay the oil pipelines over 
ground as any oil leaks would then be visible aid could be 
quickly attended to. 

Fuel oil has to be pumpedIfiwthemain^EKa^ j 

day servicetantOepeodif^ 

tobepumpeel P ar«d#«e€llsipiieietoi^MeeiP»tli@s%ii^iliiQ|; / 

and tlw service taf^adeq^ptar#»9»p9dtywWhpe 

to be provided. 













TbefoBowing is a step-by-step procedure to help you in 
gg^jngthe horse power requirements of your pump. 

it Determination of equivalent length (L) 

l=Ll+L2 

where: 

Li=Actual length of pipeline in meters. 
b=Equivalent length of fittings in meters. 

The table below gives values of equivalent length of fittings 
jb) for different diameters of pipes. Equivalent length of a 
degree standard elbow on 100 mm diameter 
pipefine=30x100 = 3000mm 
=3 metres 

2. Determination of friction loss in pipes 

This may be estimated by using the following formula: 
l uLQxlO 3 
•» =t Ti- 

where: 

hi=Friction loss in pipes in metres. 

Q= Oil flow rate is KL/hr. 

D =Diameter of pipe in mm. 
p =Viscos«ty of oil in centistokes. 

L = Equivalent tength of pipeline. 

3. Determination of total head (H) 

The total head to be overcome by the pump (H)=hi +h 2 
where: hi=Friction loss in pipelines in metres. 

h 2 =Height in metres through which oil has to 
be lifted (difference in height between the 
levels of oil in the service tank and storage 
tank). 

4 Determination of pump horse power 

This may be arrived at by using the following formula: 

Pump HP= --- X - -(Approximately) 

270 xrj 

where: Q=Fuel oil flow rate in KL/hr. 

H=Total head in metres, 
q = Efficiency of pump (around.0.6 for gear 
pumps)’. 


EQUVAU-NT lENOrtlS 


FITTINGS/VALVES EQUIVAIfiNT 

IN PIPE DIAMETERS W 

90"DEGREE 
STANDARD ELBOW 

& 

45°ELBOW 


g(j 0 

long sweep elbow 

-&■ 

STANDARD TEE 

& 

STANDARD TEE 
THROUGH SIDE OUTLET 


ML -3/4 CLOSED 
fcS -1/2 CLOSED 
A -1/4 CLOSED 
-FUU.V OPEN 

GATE VALVE 




CHECK VALVE 


(CONVEMTOHAL SWIMS 
FULLY OPEN) 

CHECK VALVE 
/GLOBE LIFT 


*20 


20 


60 


fe 

ISO 

900 

13 


360 


135 

351 




A check list 

PaHy checks 

1} Oil temperature at the burner. 

2 ) Oil/steam leakages. 

Weekly tasks 

1} Cleaning of all filters. 

2) Draining of water from all tanks. 

Yearly jobs 

1j Cleaning of all tanks. 

Remember 

* Spilt oil is irretrievable. Plug all leakages. 

* Impurities in furnace oil affect combustion. Filter oil in 
stages. 

* Oil has to be preheated to obtain the right viscosity to the 
burner. Provide adequate preheater capacity. 


Trouble shooting hints 


Oil notpumpable 

Viscosity too high 

Blocked lines and filters 

Sludge in oil 

Leak in oil suction 

Vent pipe choked 

Blocking 

Sludge or wax in oil 

of strainers 

Heavy precipitated compoundsind 
Rust or scale in tank 
Carbonisation of oil due to excessive 
heating 

Excessive water 

Water delivered alongwith oil 

in oil 

Leaking manhole 

Seepage in case of undergroundtanli 
Ingress of moisture from vent pipe 
Leaking heater steam coils 

Pipe line plugged 

Sludge in oil 

High viscosity oil 

Foreign materials such as rags, scale 
and wood splinters in line 
Carbonisation of oil 


reference: 

1. The Efficient Use of Fuel—HMSO, London. 

2. Spirax-Sarco Manual on 'Fuel Oil Heating'—Spirax Sarco Ltd., 
Cheltenham GL 53 8ER. 

3. The Storage And Handling of Petroleum Liquids—John R. 
Hughes, Charles Griffin & Co. Ltd., London. 
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This booklet is one of a series on fuel oil conservation, 
others in the series are listed below: 

1) Combustion of fuel oils 8t Burners—operation and 
maintenance. 

2) Efficient generation of steam. 

3) Efficient utilisation of steam. 

4) Fuel economy in furnaces and waste heat recovery. 

5) Refractories. 

6) Thermal insulation. 


PCRA films available for industrial sector: 

1) "Tuning of Boilers and Furnaces". 

2) "Handling of Fuel Oils". 

3) "Efficient Utilisation of Steam in Industries" 
(under production). 



Set up a few years ago in anticipation of the world-wide oil 
crisis that's affecting us all today, PCRA seeks to promote 
efficient utilisation of petroleum products—in homes, in 
industries, in farms, on roads. Because till alternative sources 
of energy are found, we have to make the best use of the 
world's diminishing oil reserves. 



PETROLEUM CONSERVATION 
RESEARCH ASSOCIATION 

Petroleum Conservation Research 
Association, 1008, New Delhi House, 

27, Barakhamba Road, New Delhi - 110001. 


SAVE OjL. 

Because oil isn't going to last forever. 









Introduction 

A bater or furnace utilises the heat generated by combustion of fuel to 
teatwaier or air or any process material. The efficiency of a boiler or 
jymacewill depend on how efficient the combustion system is and 
gcondly how best the generated heat is utilised. 
fonbustiOT of oil is effected by means of a burner, which mixes 
juel and air in proper proportions for complete combustion and the 
oon$equ6nt release of heat energy. This booklet explains the 
principles of good combustion and provides guidelines for the proper 
selection and maintenance of fuel oil burners for boilers and fu maces. 
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AIR 

20% OXYGEN (Oa) byvol. 
80% NITROGEN (N 2 ) byvol. 
FUEL 

86% CARBON (C) 

12% HYDROGEN (H 2 ) 

2% SULPHUR (S) 


AIR SHUTTER OPEN TOO WIDE 


CO = CARBON MONOXIDE 
COt = CARBON DIOXIDE 
HsO = WATER 
SOi « SULPHUR DIOXIDE 


(Fig. 1) 


Basic combustion reactions 


Carbon and Hydrogen are the principal constituents of any petroleum fuel. Sulphur is present in significantly lower 
percentages. In any combustion process, the reaction between fuel and Oxygen in the air releases heat energy. The 
combustion products are primarily Carbon Dioxide (CO 2 ), water vapour (H 2 O) and Sulphur Dioxide (SO 2 ) which pass 
through the chimney along with the Nitrogen (N 2 ) in the air, as shown in Fig. t. 


leave the system through the chimney, carrying away a significant quantity of heat with them. 



Carbon, Hydrogen and Sulphur in the fuel combine with 
Oxygen in the airtoform Carbon Dioxide, Water Vapour and 
Sulphur Dioxide, releasing 8084 Kcals, 28922 
Keels & 2224 Kcals of heat respectively. Under certain 
conditions, Carbon may also combine with Oxygen to form 
Carbon Monoxide, which results in the release of a smaller 
quantity of heat (2430 Kcals/kg of carbon). 

C + O 2 -* CO 2 + 8084 Kcals/kg of Carbon 
2C + O 2 2CO+2430 Kcals/kg of Carbon 
2 H 2 + O 2 -+ 2 H 2 O + 28,922 Kcals/kg of Hydrogen 
S + O 2 -* SO 2 + 2,224 Kcals/kg of Sulphur 

By a reaction of Sulphur Dioxide with Oxygen, if excess air is 
used for combustion, SulphurTrioxide (SOa) may also 
be formed as a combustion product. 

Ideal or stoichiometric 
combustion 

Rg. 2 shows the ideal combustion process for 
burning one kg of a typical fuel oil containing 2% sulphur, 
86% carbon and 12% hydrogen. Use is made of 
theoretically required minimum quantity of air, i.e., 14.1 kg 
(containing 3.27 kg of Oxygen and 10.83 kg of Nitrogen). 
Carbon reacts with Oxygen to form 3.15 kg of Carbon 
Dioxide and Hydrogen reactswith Oxygen to form 1.08 kg of 
water. Nitrogen in the air does not take part at all in the 
reaction. Carbon is fully converted to Carbon Dioxide 
releasing full heat In addition, Carbon Dioxide, along with 
Sulphur Dioxide, constitutes 15.76% by volume of flue 
gases. 



HEAT IN FUEL USEFUL HEAT 

OUTPUT 



\\ 

RADIATION AND X \ 
UNACCOUNTABLE ' 
LOSSES 


HEAT BALANCE OF A COMBUSTION CYCLE 
Fig. 2 



STOICHIOMETRIC COMBUSTION 


(Fig.2a) 



AIR FLUE GASES 

COMPOSITION BY VOLUME 

(Fig. 2b) 





Optimising excess air 

*L*seenthatweneed 14.1 kgofairforevetvkgoffuel 
SSSettcombustion.This isthe minimum airthat 
needed if mixing of hueland air by the 
perfect. In actual practice, since mixing is never 

a certain amount of excess air is needed to 
<*"51 combustion and ensure the release of the entire 

Stained in fuel oil. If too much air than what is 

flild for completing combustion isallowed to enter, 
SsHralheatvrould be lost in heating the surplus airto the 
^iSureLessairwouldleadtotheincomplefo 
mS i n n and smoke. Moreairwould lead to intxeased 

e** losses. Hence, there is an ophmum excess air level for 

Swof fuel. Fuel savings are the most atthe optimum 

excess air level. 




.|Fifl.3a) 
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without 
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BURNER HATING TO 
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AIR BLOWER OF INADEQUATE CAPACITY. 


An experienced operator often relies on the smok 
by the chimney or the colour ofthe flame to help hi 
air at the optimum level. However, a chemical are 
flue gases is a more objective method that helps i 
achieving finer air control. 


CHANGES IN FLUE GAS COMPOSITION WITH EXCESS AIR 


^•EXCELLENT 4 


-GOOD OPE 


CO 2 + SO 2 CO 2 + SO 2 CO 2 + SO 2 


RATING RANGE -* <—POOR—> 



CO 2 + S02 I CO 2 + SO 2 
13 % " 97 . 


20 % 3 % 

PERCENTAGE OF EXCESS AIR 







By measuring either the content of Carbon Dioxide (CO 2 ) or 
Oxygen (O 2 ) in flue gases, it is possible to estimate the 
percentage of excess air in flue gases. Continuous 
recording instruments, as well as cheaper portable 
instruments are available. (See section on Flue Gas 
Analysis.) 

T 

In ideal combustion, Carbon Dioxide and Sulphilr Dioxide 
together constitute 15.76% by the volume of flue gases. As 
excess air increases, the concentration of these gases 
(CO 2 &SO 2 ) decreases and the concentration of oxygen 
steadily increases in the flue gases. This forms the basis for 
determination of excess airthrough chemical analysis. 

If the temperature of flue gases at the point of the sample is 
also known, the heat content in flue gases at that point can 
be estimated. In case flue gas analysis and temperature 
are measured at the exit of the boiler or furnace, it would 
thus be possible to estimate stack losses from the graph 
shown below. 



(Fig.6) 


When heated, air becomes lighter and begins to rise. He 
higherthe temperature to which the gas or air is heated,$e 
faster it will rise. If this air is heated in a confined space asina 
chimney, an upward flow is established. This phenomenon 
is known as draft. 

In natural draft system, excess air can be controlled by 
dampers placed before the chimney. Measurement of deal 
helps in setting the damper correctly for various loads. 
Simple inclined tube manometers can be used to measure 
the draft. 

It must be remembered that there is no precise relationship 
between the damper position and the amount of draft, i.e.,a 
half-closed damper does not pass just half the quantity of 
air. As the damper is closed gradually, the draft gauge may 
not show any significant reduction in draft up to a certain 
point. 

By a trial usi ng flue gas analysis to monitor excess air levels, 
the correct draft for minimum excess air compatible with 
smokeless combustion can be determined for various 
loads. After calibrating the draft gauge for various loads, 
dampers should be operated to obtain the correct draft for 
that load. 

Smoke as an indicator of 
combustion efficiency 

Excess air adjustment has a direct relationship with smoke. 
If a chimney emits a hazy brown smoke, the combustion is 
proper, but if the chimney emits black smoke, it indicates 
incomplete combustion and needless fuel wastage. Similarly, 
a chimney that emits white smoke, indicates too high 
excess air and hence fuel wastage. 

The smoke density can of course be measured by smoke 
meters, which compare the smoke marking on a filter paper 
introduced in the flue gas stream with standard markings of 
varying smoke intensity. Optical instruments using photo 
cells are also available to monitor the smoke density 
continuously. 

Flue gas analysis 

Orsat Apparatus 

The flue gases may be analysed by means of the Orsat 
Apparatus. 

Flask A contains a solution of Caustic Soda, which rearffly 
absorbs the Carbon Dioxide from the sample. Flask B 
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contains Pyrogallic Acid and Caustic Soda, which absorbs 
the Oxygen from the sample. Flask C contains a solution of 
Cuprous Chloride in Hydrochloric Acid which absorbs the 
Carbon Monoxide. At the entrance to each of the flasks A, B 
andC are cocks a, band c; d is a three-way cock which opens 
to the boiler flue or to the atmosphere. The measuring tube 
0 is graduated and is surrounded by a water jacket in order 
to maintain a constanttemperature. The flask E is connected 
to the bottom of D by a long rubbertube, and which contains 
water. By raising the flask E, the water in it will flow into D, 
and thus push out any gas inside. By lowering E below the 
level of D, the water will flow from D back into E, thus 
causing a suction by which the sample is drawn into D. 

Howto choose a sampling point for flue gas analysis 

* Avoid sampling at downstream or at points of air 
infiltration. 

* Avoid sampling at dead pockets like bends or 
immediately downstream of dampers. 

* Choose a point close to the furnace exit. 

* Use the same point where exittemperature is measured 
for heat balance calculations. 

In order to test a sample of flue gas, the apparatus is 
connected to the furnace flue nearthe base of the 
chimney, cock d being open to the atmosphere, cocks a, b 
and c being closed. The flask E is held up so that there is 100 
cc of water in D. Cock d is then opened to the flue, and E is 
lowered until a measured quantity of flue gas has been 
socked into D. Cock d is now closed to both the flue and the 
atmosphere. Then, cock a is opened and flask E is raised 
until the waterfrom E has forced the sample of gas into flask 


A; this will absorb the Carbon Dioxide. Ptimpthe sample in 


absorbed. The sample is now sucked bade into ©by: 
lowering the flask E. 


The flask E must be held in such a position that the water 
level in E is the same as the water level in D. This ensures a 
constant pressure in D while taking readings. The water 
level in D will now be higher than before by the amour# of 
Carbon Dioxide absorbed; thus the volume of Carbon 
Dioxide in the sample may be directly read off from toe 
graduations of tube D. 

The process is now repeated with flasksBandC,fn»n«toldi 
the volume of Oxygen and Carbon Monoxide in the sample 
are also obtained. The amount of Carbon Monoxide 
absorbed is extremely small and the measurement of its 
volume is consequently not that reliable. 


Portable absorption analysers 

The Orsat Apparatus, though fairly accurate and bulky, 



1. PUSH RUBBER CONNECTOR 
DOWN-THEN SQUEEZE 
BULB 18 TIMES 



2. LIFT FINGER FROM RUBBER 
CONNECTOR—THIS SEALS 
ANALYSER 



AND BACK AGAIN; TWICE ON 
C02, FOUR TIMES ON Ot 



4. READ FLUID LEVEL ON 
SCALE FOR PERCENTAGE Of 
GAS. 


USE OF A PORTABLE GAS ANALYSER 
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r. WHEN PLUNGER 
VALVE IS DEPRESSED, . 
GASSAMPLE IS PUMPED 
INTO TOP RESERVOIR 
WH ILE CENTRE BORE 
IS SEALED OFF. 



2. WHEN PLUNGER 
VALVE IS RELEASED 
GAS SAMPLE IS LOCKED 
INSIDE THE ANALYSER 
AND THE TOP 
RESERVOIR IS OPENED 
TO CENTRE BORE SO 
THAT GAS SAMPLE 
CAN PASS THROUGH 
ABSORBING FLUID 



3. ABSORPTION OF 
CO 2 /O 2 BY FLUID 
CREATES SUCTION WHICH 
CAUSES DIAPHRAGM 
TO FLEX UP AND FLUID 
TO RISE IN CENTRE 
BORE TO REPLACE GAS 
ABSORBED 


WORKING OF CO2/O2 GAS ANLYSERS 

(Fig.9) 


needs a skilled operator/chemist, It is hence usedform 
occasional checks. 

The portable analyser (See Fig. 9 ) also uses the 
chemical absorption method. It is quite handy and stmpfet 
operate. A sample of flue gases is sucked or aspirated 
through a filter into the analyser containing caustic sods 
solution. The change in volume is directly read off on a 
calibrated scale in terms of percentage of Carbon Obckfe 

A similar apparatus for measuring Oxygen using a sotudon 
of alkaline Pyragallol is also available. 

Probe type analyser 

These types of analysers have come in vogue recently fa 
oxygen analysis in flue gases. Here, the conventional 
arrangement for sampling of gases is avoided and it is 
possible to control air-fuel ratio practically instantaneously. 
AZirconia Cell is incorporated in the probe, ft has a 
tendency to develop voltage across the two sides when 
each side is exposed to different oxygen concentrations.^ 
using air as the reference medium, the concentration of 
oxygen in the flue gases can be estimated by measuring the 
voltage developed. 

Other analysers 

Absorption of infra-red radiation by the flue gases in various 
bands is also used in advanced instruments to measure the 
concentration of various components of flue gases, the 
property of ionisation and the consequent emission of 
radiation can also be made use for gas analysis by usings 
high voltage electrical discharge in flue gases. The radiation 
emitted is specific in wavelength for various gases and 
optical filters can be used to select the radiation of interest 
The magnitude of radiation is a measure of concentrationof 
the gas of interest. Instruments based on the paramagnetic 
property of Oxygen, or on the electro-chemical principle, 
are also used to measure Oxygen content in flue gases. 

General 

In most small and medium plants, however, adequate 
combustion control can be achieved with the use of simple 
protable instruments based on chemical absorption.The 
more complex on-line analysers are justifiable for larger 
installations where continuous monitoring and immediate 
control of combustion system pays good returns intermscf 
fuel saved. 




















Burners—Operation and 
maintenance 

The purpose of the burner is to convert the fuel oil into 
rcflftnas of small droplets. The process is called atomization 
and its principal aim is to produce a high ratio of surface to 
vokune in the oil to facilitate evaporation and subsequent 
combustion. Fortunately, atomization is fairly simple to 
accomplish since all that is needed is the existence of a high 
rotative velocity between the oil and the atomising air or 
staam. In pressure jet atomizers, a high velocity is imparted 
to the oil by discharging it under pressure through a fine 
orifice. An alternative approach is to expose the relatively 
slow moving oil to a high velocity stream of air or steam, the 
fetter method is known as "twin-fluid" atomization. 

Classification of burners 

The broad classification of burners may be done based on 
the principle used for atomization as under: 

CLASSIFICATION OF BURNERS 

i I - ~ 

PRESSURE JET TWIN-FLUID ROTARY CUP 

ATOMISERS ATOMISERS BURNERS 

i— 1 —i H -t-1 

SIMPLEX WIDE HIGH MEDIUM LOW AIR 

TYPE RANGE PRESSURE PRESSURE PRESSURE 

| AIR STEAM AIR STEAM 


REQRCULAT- VARIABLE 

WG TYPE NOZZLE 

RATIO TYPE 


Turn-down ratio 

The relationship between the maximum and minimum fuel 
input without affecting the excess air level is called 'Turn- 
Down Ratio'. For example, a burner whose maximum input 
is 250,000 Kcals andminimum rate is 50,000 Kcals, has a 
Turn-Down Ratio' of 5 to 1. 

In the widely-used low air pressure (LAP) burners, airat low 
pressure (about 24" water gauge) is provided by a blower 


and acts as the atomizing medium. Thepe bomerswork 
efficiently at the designed oil flow rale 
drops sharply as the oil flow rate is reduced at tow toads. It is 
hence necessary to avoid selection of over-sized buraereof 
this type. Air and oil flow rates are regulated by means of 
valves on the respective supply lines. In the sell- 
proportioning type, it is possible to regulate ak and oil flow 
simultaneously by the operation of a single lever. 

In medium and high air pressure burners, air for atomizing 
is provided by a compressor at higher pressures. When bad 
changes, the quantity of the atomizing air is not changed 
and only the secondary air entering the system is regulated 
Therefore, these burners have better efficiency at even low 
loads. The compressed air may be replaced by steam as the 
atomizing medium in these burners. Steam aids in the 
cracking of oil in the combustion zone and hence steam- 
assisted atomization is superior for the burning of heavy 
fuel oils and LSHS. Medium and high air pressure burners 
should be maintained carefully, since a slight increase in the 
nozzle size can lead to considerable waste of steam or 
electric power besides distortion in the spray pattern. 
Atomizing air forms a lower proportion of total combustion 
ajr in these burners. The atomizing air velocity is high and 
the combustion intensity increases proportionately, for 
these reasons, these burners are more popular for high 
temperature furnaces, where combustion air has to be 
preheated. 

Since air at 300°C may crack theoil in the burner, only colder 
air is fed to the bumerfor atomization. Hot air is fed into the 
combustion chamber as secondary air. 

Twin-fluid atomizers are of two major types. In Are common 
design, the fuel is injected into the high velocity air stream in 
the form of one or more discrete jets. 

In a rotary cup burner, on tire other hand, a thin film of oil is 
formed by injecting oil intoa rapidly spinning cup. This Aim 
is converted into minute droplets as it leaves the cup, by the 
action of the atomizing air which is fed by the burner. 

Pressure jet burners are relatively simpler and inexpensive. 
However, oil flow rate can be reduced in the simple design 
only by reducing the oil pressure and hence the quality of 
atomization. Efficient operation at varying loads is usually 
carried out by using nozzles of various jet sizes. 
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Burner blocks 

The oil that is atomized by the burner is brought up to 
ignition temperature in a burner block (or in the furnace, 
When a burner Mock is not provided). In a burner block, 
atomization, mixing with air, evaporation of the oil from the 
surface of the drops, cracking of oil and the start of 

OIL 


\ 



I 


STEAM OR AIR 

SIMPLE HIGH PRESSURE ATOMIZER 
(Fig. 10a) 


w 



ROTARY CUP BURNER 

(Fig. 10c) 

OIL 


1 



PRESSURE JET ATOMISER 

(Fig.lOd) 
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Burners— Operating parameters 

V| 


type of Burner 

Pressures 

Turn-Down Ratio 

% Ah'for 
Atomisation 

09 Viscosity 
at Burner tip 
(Redwood-Secs.-!) 

UBplOqf 

Ga8ons/Hr. 

.' f 

Lw Air Pressure 

Oil Pressure 

8-12 PSIG 

AirPressure24"W.G. 

1.4:1 (without 
Secondary Air) 

5:1 (with 
Secondary Air) 

20-25% 

70-100 Secs. 

vm 

Medium Air 

Pressure 

3 to 15 PSIG (Air) 

6:1 

3-10% 

90-180 Secs. 

1/2-200 

High Air Pressure 

Air Pressure 

15 PSIG 

Oil Pressure Higher 

Small-5:1 

Large-10:1 

2-3% 

120-200 Secs. 

5 to 500 

Steam Jet 

Dry Steam 

25-175 PSIG 

Oil Pressure 

Nearly Same 

Small-5:1 
Large-10:1 

Steam 2-5% 
of Total Output 

120-150 Secs. 

5to400 

Pressure Jet 

Oil Pressure 

50-200 PSIG 

Simplex 2:1 

Wide Range 6.1 to 
10.1 

NIL 

70-100 Secs. 

Up to 3000 

Rotary Cup 

1/4 to 30 PSIG 

4:1 

15-20% 

150-200 Secs. 

3/4 to 250 


combustion are completed. Manufacturers of oil burners 
adapt the cone angle in the bu rner block to the spray pattern 
of atomizing devices. Furnace builders sometimes provide 
additional refractory pieces for directing the flame. It is 
necessary to maintain the shape of the block and repair 
where it is damaged. While mounting the burner, care 
should be taken to align the burner with respect to the block 
so that the spray or flame does not touch the refractory and 
see that it is properly directed. 

An additional function of the burner block is to protect the 
oil nozzle from furnace radiation. The block should be 
sufficiently longand not too wide to minimize the incidence 
of radiation. At the same time, it should be ensured that the 
flame does not impinge on the block, as that could lead to 
clinker formation on the block. 

Factors affecting selection of 
burners 

There is a wide variety of burner types to choose from for 
any combustion installation. Satisfactory operation 


depends to a large extent on the selection of theconrecttype 
of burner for an individual case. The choice usually depends 
upon five main factors: 

i) Range 

The range over which the burner will be expected to operate ’ 
i.e. the ratio of maximum to minimum fuel consumption 
(also called 'Turn-Down Ratio). 


ii) Temperature conditions in the combustion 
chamber 

In a process involving high combustion temperature, which 
can be obtained only by burning the fuel with highly 
preheated air, there is a limit to the temperature of the air 
which can safely be passed through the burner; in such 
cases the arrangement must be made to take the greater 
pa rt of the hot air direct to the combustion chamber. Hence 
the amount of cold air passing through the burner must be 
kept to a minimum and for this type of application, a high 
pressure air or steam atomizing blast burner will be the 



choice. For such applications, the quality of 
may be relatively less important and coarse 
may in certain cases be tolerated if it is required 
the flame down to a very hot combustion 
For very high temperature furnaces, the burner 

, the 


E ignite and burn completely. 

some chambers are much colder than the flame, a 
typical example being the flue tube of a shell boiler. In spite 
efthe high rate of heat transferfrom the flame, the walls 
Remain at a temperature virtually that of surrounding water 
ktheboiler. The high rate of heat transfer from the flame to 
kM wall results in a rapid cooling of the flame, hence the 
eftnbustion must be quick and complete, i.e. atomization 
the good, and air and oil.droplets mixing should be 
^efficient. 
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|tscomparatively easy to design a blast burner to give 
5a?®y flame desired from a long and narrow passage with an 
ipuded angle of (say) 20° to a very wide sunflower type of 
flame with an included angle of 180°. The wider the flame 
easier it is to introduce the air among the oil droplets and 
*|kting good mixing. The atomizing air and the air sucked 
Ijpothe root of the flame by the ejector action are together 
atoliy sufficient to initiate the combustion, the remainder 
®W»air is gradually sucked into the flame as the 
combustion proceeds. 


In the case of pressure jet atomizers, the spray angle is to a 
latgeextent associated with the quality of atomization and it 
isdifficultto obtain a narrow-angle spray from a pressure jet 
atomizer without sacrificing the quality of atomization. In 
case where a burner of pressure jet type is selected for 
small diameter flame tube, it is necessary to use the 
momentum of the incoming combustion air to blend with 
the natural trajectory of the oil droplets to get a flame of 
narrow shape. For such propositions, if a pressure jet 
burner is selected rather than a blast burner, it should be 
supplied with a forced draft to ensure a reasonable air 
velocity through the air register. 


iv) Combustion intensity 

To obtain a high rate of heat release, the combustion 
process must be expeditious. This is achieved by fine 
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atomization and high momentum of the combustion*. 
High combustion intensity is, therefore, obtained atthe' 
expense of auxiliary power. In certain cases, high' 
combustion intensity results in improvement in thermal 
efficiency of the system, which outweighs the loss 
equivalent to the auxiliary power used forthe expenses 
incurred. 


v) Local conditions and facilities 

Local conditions and support facilities also have a definite 
bearing on the selection of burner(s) for a plant to have 
normal functioning. There may be limitations on the part of 
providing required facilities like steam and compressed air, 
etc. For example, in a re-rolling mill, one may notbeabteto 
use a 'steam jet' burner, as it requires steam at certain 
pressure, even though it has been selected based on 
various other factors. In that case, one may have to go in 
either for 'low air pressure' or 'medium air pressure'—air 
blast burners, as the second best choice considering all the 
factors. 

Trouble shooting chart for 
combustion 

Complaint Causes and Remedies 

1) Starting difficulty 1) No oil in the tank. 

2) Excessive sludge and water in 
storage tanks. 

3) Oil not flowing due to high 
viscosity/low temperature. 

4) Choked burner tip. 

5) No air. 

6) Strainers choked. 

2) Flame goes out 1) Sludge or water in oil. 

or splutters. 2) Unsteady oil and air pressures. 

3) Too high a pressure for 
atomizing medium which tends 
to blow off the flame. 

4) Presence of air in oil line. Lookfor 
leakages in suction line of pump- 

51 Broken burner block, or burner 
without block. 



H {^flashes 



1) Oil supply left in'on'position 
after air supply was cut off during 
earlier shut off. 

2) Too high a positive 
pressure in combustion 
chamber. 

3) Furnace too cold, during starting, 
to complete the combustion 
(when temperature rises, 
unburrit oil particles burn.) 

4) Oil pressure too low. 


4 ) Smoke and soot. 


5) Clinker on 
refractory. 


1) Insufficient draft or blower of 
inadequate capacity. 

2) Oil flow excessive. 

3) Oil too heavy and not preheated 
to the required level. 

4) Suction air holes in blower 
plugged. 

5) Chimney clogged with soot/ 
damper closed. 

6) Blower operating at too low a 
speed. 

1) Flame hits refractory since 
combustion chamber is too small 
or burner is not correctly 
aligned. 

2) Oil dripping from nozzle. 

3) Oil supply not'cut off'before the 

air supply during shut-offs. 


6) Coking of fuel 1) Nozzle exposed to furnace 

in burner. radiation after shut-off. 

2) Burner fed with atomizing air 

over 300 J C. 

3) Burner block too short or too 

wide. 

4) Oil not drained from nozzle after 
shut off. 

7) Excessive fuel 1) Improper ratio of oil and air. 

oil consumption. 2) Burner nozzle oversized. 

3) Excessive draft. 

4) Improper oil/air mixing by 

burner. 

5) Air and oil pressure not correct. 

6) Oil not preheated properly. 


7) Oil viscosity too low for the' 
type of burner in use. 

8) Oil leaks in oil pipelines/ 


Step-by-step Procedure for 
efficient operation of burners 


1) Startup 

a) Check for correct sized bumer/nozzle. 

b) Establish air supply first (Start blower). Ensure no 
vapour/gases are present before light-up. 

c) Ensure a flame from a torch or other source is pieced in 


front of the nozzle. 

d) Turn ON the (preheated) oil supply (Before start-up 
drain off cold oil). 


2) Operations 

a) Check for correct temperature of oil at the bumertip 
(consult viscosity Vs. temperature chart). 

b) Check for the correct air pressure for the LAP burners 
(25" to 30" w.g. or 63.5 cm to 76.2 cm air pressure is 
commonly adopted). 

c) Check if oil is dripping near the burner. 

d) Check for flame fading/flame pulsations. 

e) Check for positioning of burner (ensure no flame 
impingement on refractory wails or charge). 

f) Adjust the flame length to suit the conditions (ensure the 
flame does not leap out of the furnace). 


3) Load Changes 

a) Operate both air and oil valves simultaneously (If it is a 

self-proportioning burner, operate the self- 

proportioning lever, Do not adjust valve only in oil line). 

b) Adjust burners and damper for a light brown (hazy) smoke 
from chimney and at least 12% Carbon Dioxide. 


Shirt Down 

Close oil line first. 

Shut the blower after a lapse of few seconds (ensure 
qases are purged out of the Combustion Chamber). 

Do not expose the burner nozzle to the radiant heat of the 
furnace. (When oil is shut off, remove bumer/nonfc or 

. hatWft&O nnZZle SOOfUffWNW* 




Important 

BurnereshouHbedfemaiitM 

preferably once in a shift (always keep spwt fereaeis 
ready). 
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This booklet Is one of a series on fuel oil 
others in the series are listed bdow: 

1) Sto rage, handling and prepara dorr of fuel oil. 

2) Efficient generation of steam. 

3) Efficient utilisation of steam. 

4) Fuel economy in furnaces and waste heat recovery. 

5) Refractories. 

6) Thermal insulation. 


PCRA films available for industrial sector: 

1) “Tuning of Boilers and Furnaces". 

2) “Handling of Fuel Oils". 

3) “Efficient Utilisation of Steam in Industries” 
(under production). 


d 



Set up a few years ago in anticipation of the world-wide oil 
crisis that's affecting us all today, PCRA seeks to promote 
efficient utilisation of petroleum products—in homes, in 
industries, in farms, on roads. Because till alternative sources 
of energy are found, we have to make the best use of the 
world's diminishing oil reserves. 


PETROLEUM CONSERVATION 
RESEARCH ASSOCIATION 

Petroleum Conservation Research 
Association, 1008, New Delhi House, 

27, Barakhamba Road, New Delhi - 110 001. 



SAVE OjL. 

Because oil isn't going to last forever. 













balance of boilers 


of boiler indicates what type of heat losses 
ind flow' important they are. Construction of such a 
for each boiler is hence the first step to identify 
for improvement. 


FLUE GAS LOSSES 
f UNBURNT GASES 

STEAM 




This loss is the largest in a boiler and represents! 
carried away by the hot gases leaving throughthe* 

If more air than what is required for efficient cor 
allowed to enterthe boilerfurnace, additional heatwjoijS 
lost in heating the excess air to the chimney temperatSf 
Therefore, necessary efforts have to be made not only itef 
keep chimney temperature as low as possible but alsote'* 

minimise excess air from entering the combustion charabi 

by proper tuning of boiler and burner operations. 


Radiation losses 

Radiation losses depend on the temperature of the bote^ 
external surfaces. The quantity of heat lost by radiation f 
from these surfaces is nearly independent of the load at 
which the boiler operates. When a boiler is operated atl$r 
loads, radiation losses may account for a significantly hkjb 
proportion of the total boiler losses. Boilers with poor 
insulation and poor design characteristics tend to have 
higher radiation losses and these losses increase in such 
boilers rapidly at low loads. If a number of boilers are 
used to meet the steam demand, it is important to allocate 
the load among the different boilers judiciously to reduce 
total losses. 


Unburnts in flue gases 

Fuel oil contains Carbon and Hydrogen which, on 
combustion are converted into Carbon Dioxide and water 
vapour releasing large quantities of heat. If, however, 
combustion is incomplete, the carbon may be converted 
into Carbon Monoxide which results in a liberation of 
only 52% of the total heat in the fuel. Under very poor 
combustion conditions, unburnt fuel may leave through#® 
chimney carrying away the entire heat content of the oil 
vapours. The key to complete combustion is the proper, 
filtration and preparation of fuel oil (See booklet on Storage 
handling and preparation of fuel oil) and proper operation 
of burners (See booklet on Combustion of fuel oils and 
Bumers-operation and maintenance.) 
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I Hp iptete combustion 

g|ta02 +8,084 KCAL/KG OF CARBON 
j®g~>2CQ+2,430 KCAL/KG OF CARBON 
ft/ERY KG OF UNBURNT CARBON, 8084 KCALS OF 





aoxide, 5,654 Kcals of heat is lost. Incomplete 

also leads to serious pollution (smoke and 
^bon monoxide). 

Blowdown losses 

jjgpolved salts enter the boiler through the make up water 
fish is fed to it. The water evaporates continuously 
leaving behind the salts in the boiler. This leads to a 
continuous increase in the concentration of these salts in 
boiler drum. These salts tend to precipitate beyond a 
point leading to the formation of scales. Water from the 
yierdrum should be regularly blown down to avoid 
concentration rising beyond such limits. Since the drum 
Kg#is at high temperature, excess blow down however, 
leads to needless waste of fuel. 


1 2345678® «Ml g tt 

X BLOW DOWN 

(Fig.3) — HEAT LOSS DUE TO BLOWDOWN 

Excess air and its control 

We have seen the need for avoiding more air,INK* 
required for combustion, from entering the bofe'liipEl 


operation of burners and through flue gasdampfis, ft 


CHANGES IN FLUE GAS COMPOSITION WITH EXCESS AIR 


+- EXCELLENT-* 


-GOODOPERATING RANGE 


4- FAIR OPERATING RANGE-* *-POM—+ 



PERCENTAGE BY VOLUME 







however, too little air is fed into the combustion chamber, 
combustion may be incomplete, leading to smoke and 
unbumts in flue gases. The key to correct air control is hence 
the feeding pf the minimum quantity of air required for 
smokeless combustion. , 

Achemical anatysisof flue gases is an invaluable aid to 
determine excess ah 1 levels. By measuring either the 
content of carbondioxide {CO 2 ) or oxygen (O 2 ) in the flue 
gases, it is possible to estimate the percentage of excessair 
in the flue gases. Continuous recording instruments as well 
as cheaper portable instruments for this purpose are 
available. (See booklet on Combustion of fuel oils and, 
Bumers-^operation and maintenance.) 

Tuning of boilers 

We have to first determine excess air levels by measuring 
, the. percentage of CO 2 in the flue gases when the boiler is 
running atnormal firing rates. Sample locations 
immediately down-stream of bends, dampers, or induced 
l^^faps^iould be avoided forflue gas analysis. Make sure 
iiatTOre is no air infiltration at the upstream of the sample 
•'•^dwttodtartwith, deliberately operate the boiler at higher 
access air levels so as to achieve a low CO 2 reading 
locally 6 to 7%). Reduce air quantities slowly and monitor 
CO 2 readings. Continue reducing the combustion air until 
you get good CO 2 reading (preferably between 12 to 14%) 
in the flue gases. Any further reduction of air beyond 14% 
would result in smoke and should be avoided. A light brown 
haze at the top of the chimney indicates proper combustion. 
The boiler operator should be trained to follow this method 
to achieve high CO 2 readings at all the firing rates 
encountered in the boiler. 

A pre-tuning checklist 

Before tuning a boiler, several preliminary checks should be 
made for getting best results. The following checklist will 
help in this task: 

1) Are the following as per manufacturer's 
recommendations? 

a) Oil pressure at the burner? 

b) Combustion air pressure? 

c) Temperature of oil at the burner tip? 

2) Is the burner aligned and mounted properly? 

3) Is the burner block properly mounted, aligned and 
clean? 

4) Are the air registers in good condition? 

5) Is the exhaust gas temperature withffi'30°C of the boiler 
manufacturer's design value? 


Remember 

If you are not able to achieve at least 12% CO 2 readfegty 
regulating the air supply without causing smoke, you \| 
burner may be defective. >1 

Ensure that the boiler is always operated at the air andk|| 
settings that have been determined. Check the settin^^ 
repeatibility, at least once every fortnight. , 1 v 4 

Damper settings 

In natural draft systems, excess air can be controlled by 
dampers placed before the chimney. Measurement of dial; 
helps in setting the damper correctly for various loads. 
Simple inclined tube manometers can be used to measufe 
the draft. 



(Fig.5) -INCLINED TUBE MANOMETER 


Remember, there is no precise relationship between the 
damper position and the amount of draft. Thus a half closed 
damper does not necessarily pass half the quantity of air. 
As the damper is closed gradually, the draft gauge may nc* 
show any significant reduction in draft u p to a certain point 

By a trial using flue gasanalysisto monitor excess air levds, 
the correct draft for minimum excess air required for 
smokeless combustion, can be determined for various 
loads of the boiler. After calibrating the draft gauge for 
various loads, dampers should be operated at any load to 
obtain the predetermined optimum draft forthat load 

Gas side deposits 

When conditions do not permit complete or total 
combustion of fuel oil, unburnt carbon particles, known as 
soot, are deposited on the inside of fire tubes in case of 
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led-boilers and on the outer walls of water 
se of water-tube boilers. Corrosion deposits 
ef in boilers in the high temperature zones, such 
heater, due to the melting of certain low 
fot components of fuel-oil-ash. In the low 
zones of the boiler like economiser, the air 
and the induced draft fan, corrosion deposits due 
insation of sulphur trioxide present in the flue 
also occur. 

up over a period of time, 
ina higher flue gas temperature and hence greater 
The fig. 6 shows the rise in flue gas temperature, 
i, due to soot deposition. 
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Remember 

Vften flue gas temperature rises about 38°C above the 
normal, it is time for removing the soot deposits. It is, 

therefore, recommended to install a dial type thermometer 
at the base of the chimney to monitor the exhaust flue gas 
temperature. 


It is estimated that a coating of 3 mm thick soot on the heat 
transfer surface can cause an increase in fuel consumption 
as much as 2.5%. In large boilers, soot blowers are installed 

in the furnace section, superheater and in the air preheater/ 

economiser zone. Contact your boiler manufacturer for 
^stalling a soot blower in your boiler. 



Water side deposits and water 
softening 

Sufficient care is usually devoted to keep the gas side free 
from accumulation of deposits that would interfere with 
heat transfer. However, in many low pressure boiter 
installations, adequate care is rvot taken to keep water side 
free from deposits, though many ample forms of modem 
water treatment equipment and fad&ties are avaftabte. A 
1 mm thick scale (deposit! on the water side could foerease 
fuel consumption by 5 to 8%. 

All the waters irrespective of their sources, contain 
impurities. These impurities are usually insoluble state 
with the water or at times in a state of suspension. The 


and starts precipitating; either in the form of a non- 
adhering, soft sludge (which can be removed without , 

difficulty by boiler blow down) or as a firmly adhering seal©. 

__ 1 _ __ t mAiaac rim frf test 
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transfer and introduces the risk of 
the affected surface. This I 


boiler pressure ar._ 

when temperature approaches more closely the upper sate 

value for the materials used. 




(important dissolved salts from the point of boiler 
■those of calcium and magnesium. Their presence 
* water hard and a deposit or scale is formed rapidly 
of such water in boilers. Silica is also important, 
fly in t he case of high pressu re boilers, as itformsa 
locale. Further, silica may be steam-volatile, creating 
itefrns with turbine blades. Bicarbonates, carbonates, 
Kides, chlorides, sulphates and nitrates of calcium, 
magnesium and other heavy metals may be present in 
water. The bicarbonates, carbonates and hydroxides of 
■ dateumahd magnesium give rise to 'alkaline' or 'carbonate' 
hardness and the chlorides, sulphates and nitrates to 'non- 
alkaline' or 'non-carbonate' hardness. 

Treatment of raw water to prevent scale formation is called 
water softening. The chemical composition of water 
•supplies vary greatly. There is, hence, no ideal treatment. 
Treatment has to be chosen based on a chemical analysis of 
the water, to find out (row much of the various impurities 
add other chemical substances are present. 

The hardness of water is expressed in different forms. A 
convenient form is milligrams of calcium carbonate per litre 
of water (mg/litre). Although the hardness may be due to. 
soluble salts of calcium, magnesium, iron, manganese, 
aluminium or other heavy metals, the result is expressed as 
equivalent milligrams of calcium carbonate per litre of 
water.. 

The following methods are commonly used to soften water. 

A) Precipitation method: 

In this method, chemicals are added to precipitate calcium 
and magnesium as insoluble compounds, which arethen 
separated by sedimentation and filtration. The lime-soda 
process is the oldest and most widely used method of 
precipitation softening. In this process, water is treated with 
hydrated lime (calcium hydroxide) and soda ash (sodium 
carbonate). Coagulants such as sodium aluminate, 
magnesium oxide or alum, are also added to the lime-soda 
mixture to improve precipitation. The theoretical quantity of 
chemicals required can be calculated from the following 
formulae: 

Hydrated lime to be 

added in kg/1000 litres=0.00074 x [carbonate hardness 
(asCaC03> mg/litre+ 
magnesium hardness (as Ca CO3) 
mg/litre.] 


Soda Ash to be added 
in kg/1000 litres 

Sodium aluminate 
to be added in 
kg/1000 litres 

Or 


= 0.0011 x (non-carbopatei$ s 
(as CaCCh) mg/litre. 

=0.02 x (total hardness (as( 

—up to a maximum ofj 
litre hardness. , 

0.03'x total hardness (as fo qjjj 
incaseofhigherhardnessA 



The quantities above are for pure chemicals based 00 , f, 
complete reaction. In actual practice, a small excess ovey* 
the above theoretical amount is found necessary to obtafc 
best results. In general, a 5% excess is recommended 

Wherever necessary, the charge may be further adjusted^ 

obtain the desired results. ^ 

b) Ion exchange method: 

•Lf* 1 * 

If water containing calcium and magnesium salts in soki^p 
is passed through a bed of ion exchange material (i.e. |v 
synthetic or natural) calcium and magnesium'ions are 7 
retained by the material and replaced by sodium sothstthe 
water leaving the mineral bed contains sodium salts instead 
of calcium and magnesium salts. In another method, partial 
deionisation to reduce dissolved solids is carried out by 
passing the water through a bed of ion exchange resins in 
hydrogen ion form, which converts carbonates and 
bicarbonates into carbonic acid and sulphates, nitrates ad 
• chlorides into their respective acids (the cations are retained 
by the resin itself). The water is subsequently aerated to 
remove carbon dioxide and is either neutralised with 
sodium hydroxide to produce zero hardness water of less 
dissolved solid content, or can be further treated by passing 
through a bed of anion exchange resin to remove all free 
acids. The latter treatment results in demineralized water 
containing as low as 5 mg/litre of total dissolved solids. 

c) Distillation method: 

Raw water is distilled in an evaporator, and the distillate, 
which is almost completely free from dissolved solids, is 
used. As the evaporator itself may be considered as a very 
low pressure boiler, the feed may, under certain conditions, 
require softening. The distillation process is not generally 
required for low pressure boilers. 

d) Internal treatment: 

When water has low hardness, and comparatively small 
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sd to be treated, an external water 
nt based on ion exchange or precipitation or 
> impracticable and uneconomical. 
M»nditions, internal treatment is applied. In this 
icertain chemicals are administered directly to 
f, entering the boiler which Causes the hardness, 
jisaftsto precipitate inside the boiler in the form of 
* flowing sludge. Different waters require different 
. Sodium carbonate, sodium aluminate, sodium 
b, tannin, starch and other compounds of 
>or inorganic origin are used for this purpose. The 
|p|gisremoved during boiler blowdown. This process is 
l^ifeforuse particularly in low pressure boilers. 

Boiler water treatment involves more than just 
^prevention. Important is the kind and control of 
(Statical treatment, regulating the preheating and 
pttnadng of make up and proper control of boiler blow 
to prevent a buildup of solids and sludge in the drum, 
jfpmsion and control of this programme calls for a 
(pHlBed operator. Prevention of feed water trouble usually 
tests far less than the repair of neglected equipment. 
CfceM choke of water treatment plants can avoid many 
peitans in future. 


Boiler loading 


The figure 8 gives the relationship between 

efficiency and loading of a boiler. It is important that one 

shook! load a boiler close to its normal economic rating and 




boilers and their loadcharacteristksarekn^^ 
possible for you to allocate the toads in such a manner that 
the total steam generation is at the highest efficiency. 


Remember 

Boilers with a steep toad characteristk should always be 
operated close to their normal economk rated toads. 


Example 

The boiler characteristic curve of two boilers, AandS, todtoan 
that boiler A has a steep relationship between efficiency and 
load as against an almost constant efficiency at varying 
loads encountered in Boiler B. It will be apparent to the , 
reader that the plant's total steam demand is 7 Tonnes/ 
Hour. Boiler Ashould be loaded upto5Totmes£tourgt 
wh ich its efficiency is maximum and Boiler B should t?e 
used to meet the remaining steam demand of 2 T 
Hour. 


Blow down 

The concentration of total dissolved solids (TDS| in boter 
water can be chemically detenranedandkreportedasperts 
per million (PPM). Different boiterecany©rate^iai'a^ 
levels of concentration of dissolved solids to the boiler dram. 

To maintain boiler water concentrations within the 
specified upper limit of boiler water TO, btow down is 
resorted to. The following formula gives the quantity of 
blow down required: 

TDS in feed water 

~v ow --x(% make up water) 

own ( 0// °J Maximum permissible 
TDS in boiler water 

Example: If maximum permissible limit ofTQStoahoiler is 
about 3500 PPM and percentage make up water is 40 and if 
TDS in feed water is 350 PPM then the percentage btow down 


350 

3500 


x4Q=4% 


If boiler evaporation rate is 5600kg/hr, then required btow 
down rate: 


= S 500 . * —=220 kg/hr. 
100 




btowdowh, there is a steady and constant 
a smal l stream of concentrated boiler water 


from the drum. At today's fuel prices, it is worthy 
to consider heat recovery from blow down. The 
gives a system by which heat can be recovered 
blowdown. 




Recovery of condensate 

Clean condensate from process departments is a valuable 
source of heat which can beused in the boiler house asfee# 
water. Apart from reducing fuel requirements in thebotoJ 
by raising the boiler feed water temperature, this also J 
reduces water treatment costs, since condensate is 
distilled water, and needs no water treatment. Hence, 
before exploring the use of an economiser, it isadvisabfeti 
check whether all the condensate that can be economic^ 
recovered, is being returned to the boiler house. 


Remember 

* 

For every 6°C rise in boilerfeed watertemperaturethro^ 
condensate return, there is 1% saving in fuel. 


Flue gas heat recovery 







ooomiser, the waste heat is used to increase 
water temperature. On the other hand, in ar 1 
the waste heat is usedto heat combustion air. 
cases, there is a corresponding reduction in the 
orients of the boiler. 


HOT FEEDWATER 

t 


Remember 

For every 22°C reduction in 
through an economiser or 
offuelintheboifer.teotiie 
water temperature throus 
combustion air temperate 
there is 1% saving of fuel. 

Turbulators 

Turbuiators are a setof bw 


TO STACK 


COLD FEED WATER 
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1 Va. I I 

— 

economiser 


***** 

> , ^ 


Y / V- —— 

A J ^ \ 

— 


IFio 13) HOTTEST GAS FLOWS THRU TOP 

rows oft 




HOT AIR FOR COMBUSTION 
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GAS FLOW EQUALIZED THRU AIL TUBES 

(Fig 14 ) TWO PASS FIRETUiEBOIlERS WTH W» 
19 WITHOUT TU8BULATORS. 










boiler to increase flame turbulence and thereby 
convective heat transfer to the surrounding boiler 


ialso helps in balancing the flue gas flowthrough 
sJf4Mbes to achieve more effective utilization of 
l heat transfer surfaces. The figures 13 and 14 
tatwo pass Scotch Marine fire-tube boiler with 
I without turbulators. The improvementin boiler 
ance will be indicated by the decrease in stack 
femperature and the corresponding increase in steam 


"I i. , 


Ibiier feed tank 

£tls<lest rable to provide a feed water tan k with a capacity, at 
least equal to one hour's maximum boiler evaporation. The 
feed water should be maintained at as high a temperature as 
possible by recovering heat from all the sources of waste 
heat such as condensate return, heat from boiler blow 
ttown, heat from steam pre-heater condensate or exhaust 

are used. 


Vacuum breaker 
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[ FEED TANK 


To avoid cavitation at the pump, it is advisable 
the feed tank at a sufficient height above the 
The following table gives recommended hei 
steam feed water pumps are used. 



Feed water temperature 

86°C 

90°C 

95°C 

100°C 


1-5 metres 

2.1 metres . 

3.5 metres 

5.2 metres 

Slightly lower heads can be used for centrifugal pun*| 

The feed tank should be provided with a tightfittinqlid If 
preferably bolted on, and should have an adequately** 
vent pipe and over flow. The condensate return line ‘ 
normally carries some flash steam. If it is connected wife 
top of the tank, this steam will easily escape throughtfe* 
vent pipe. The return line should therefore be carried betak 
the water level so that much of the flash can be condensed* 
check valve should be fitted to act as a vacuum breaker^ 
prevent the water from the tank being sucked back intotfe 
condensate return line. Where large quantity of flash is ' 


VENT PIPE 


t) 



OVERFLOW WITH 
WATER SEAL 




i 


COOLED CONDENSATE 


COLD MAKE¬ 
UP WATER ' 


-JZ.7 





CONDENSATE 


(Fig.15) 


TO FEED PUMP 
SECTION 





^^jwitthe feed tank, and a reasonable amount of 
water is required, a heat exchanger may be 
the flash steam and cool the condensate 
l ^ ^ pr aold make up or process water as the cooling 


water should be connected to the tank to make- 
difference between the amount of condensate 
g^edand boiler evaporation. 

i ^iaiakeiip supply should be automatically controlled by 
ipti$ofafloat operated valve. 

fcfe/el of the float shou Id be so adjusted that cold water is 
'liftedonly after full allowance has been made to receive 


fteroostsuitable level can only be decided with a 
Madge of the operating conditions in the individual 
Matron. If an ordinary ball valve is used to control the 
Mip, it may not last long in the hotturbulent conditions 
hatexist inthetank. It can befitted in a small separate tank 
& welcome this trouble. 

ftefeed tank shou Id be well lagged to conserve as much 
intaspossible. A water meter fitted on the suction line of 
feieedpump gives a very useful indication of total boiler 
svaporation. 


lisimportantto remember that for approximately every 6°C 
fee in feed water temperature,the boiler will require 1% 
tesfuel. A thermometer on the feed tank or pump suction 
toe can be of considerable use in keeping a check on feed 
temperature. 


Selection of boiler 

Is the boiler really necessary? 

What should be its specifications? 

Whattype of boiler should be selected? 

ftese are some vital questions which have to be carefully 

®tewered before a new boiler is purchased. 

The first step is to examine the need for the boiler. The 
Pettem of steam demand of the plant should be carefully 
jessed. In many instances, careful production planning 
ehdscheduling can help in minimising the steam demand 
P®aks, and hence the need for a new boiler to meet these 
Peaks. A vigorous steam economy drive also often results in 
avoiding the need for a new boiler. Having determined the 
P®ttem of steam demand in the plant, the required 
additional boiler capacity can easily be worked out. While 
Panning for a new boiler, future expansion and steam 
'^sod should be kept in mind for fixing the boiler 


capacity. It should be 

may necessitate the operation of the bofer i-; 
at low loads. • ■" 

The next step is to determine the steam pressure 
The operating pressure of the 

slightly higher (around 1 kg/cm 2 , in$ma8andmMifa ' : f 

iL. __ • _ * 1 


any process for which supply is to be made by t te b o S e f. 


this pressure or at a higher pressure. 

Once the required steam pressure, temperature and 
capacity are known, suitaWes^ectkmc^beinaiefpiateitte 
boiler ranges available with manufacturers. It should. 


however, be remembered that there are faMy wide 
variations in the efficiency of generation among different 
types of boilers. 


A study of over 2500 boilers of various mates and sta by 
PCRA in Indian Industry has indicated the performanre of 
boilers commonly used as shown in figure 16. 


higher thermal efficiencies. Inspite of kwer efficiencies, 


Lancashire and vertical boilers are very common to fedjto, 
They are more rugged and can tolerate poor quality feed 
water as well as poor operation with greater safety than 
other boilers. With increasing emphasis on efficiency of 
generation along with improvements in operators' skills 
and quality of water treatment the era of such bofiersis 
slowly coming to an end. 


The steam generating capacity of a boiler is often specified 
in terms of Equivalent Evaporation (Kg of 
and at 100°C). Equivalent Evaporation expressesthe 
heat capacity of the boiler in terms of the heat required to 
evaporate the specified quantity of feed water tone 
temperature of 100°C to dry saturated stem at 10@flC fie 
540 Kcal/kg). In actual boilers, feed water temperatures may 

be different and the generatedsteamfeataWgher 
temperature. Actual Evaporation hence, lands to toe lower 
than Equivalent Evaporation. 


Equivalent 

Evaporation" 


Actual Evaporation x (H - b} 
---- ——kg/hr 

540 


where H = total heat in generated steam (Kcaj/kgj 
and h=heat contentinfeed water (Kcal/kg). 

If the pressure and temperature cfsteem as well as the. 
temperature of feed water is known, values ofHendhcan 
be obtained from steam tables. 
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PACKAGE • 

-boiler „ 


CORNISH BOILER 


ECONOMIC BOILER 


VERTICAL CROSS 
TUBE BOILER- 


r VERTICAL SMOKE TUBE BOILER 


LANCASHIRE BOILER 
/WITH ECONOMISER! 


LANCASHIRE BOILER 
WITHOUT ECONOMISER! 




55 


60 


65 


70 


75 


-THERMAL EFFICIENCY [% 


—t— 
10 


13 


80 


11 12 
■ACTUAL EVAPORATION RATIO (KGS OF STEAM/KG OF OIL)- 


14 


10.4 


11 


85 


148 




12 13 14 15 

-EQUIVALENT EVAPORATION RATIO-(KGS OF STEAM/KG OF OIL)■ 


16 164 


(Fig.16)— PERFORMANCE RANGE OF BOILERS 


Example: If a boiler generates 4.0 tonnes of steam/hr at a 
pressure of 7 kg/cm 2 and dryness fraction of 0.9 with a feed 
water temperature of 30°C— 

H=612 Kcal/kg 
h= 30 Kcal/kg 

Equivalent 40 x {612 -30) 

Evaporation =--- 

=4.3 T/hr. 

Manufacturers may be asked to specify guaranteed levels of 
Equivalent Evaporation as well as efficiency. 

Actual Evaporation x(H-h) 

Efficiency=- 

Fuel consumed Gross caloric 
per hour x value of fuel 


After installing a boiler, a boiler trial should be conducted 
Actual Evaporation may be measured by means of either? 
freshly calibrated steam flow meter, or by a hot water mete 
fitted on the feed water line. If a water meter is used, care 
should be taken to equalise the water level in the boiler 
drum before taking water consumption readings. If flow 
meters are not available, water should be taken from a 
separate calibrated tank to which the condensate is not 
returned. Fuel consumption during the trial period is uairff 
measured by dip readings of the service tank or by usings 
correctly calibrated fuel flow meter. 
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Use of Steam - Oliver Lyle, HMSO, 


' (jondoft. 

I Types, Characteristics & Functions - 
Carlo. Shields, McGraw-Hill Book Co. 


This boofdet is one ofa series onfuetoiceaservatsw 
others in the series are listed below: t ; 

1) Storage, handling and preparation of fuels#. 

2) Combustion of fuel oils & Burners—operatfonanif 
maintenance. 

3) Efficient generation of steam. 

4) Efficient utilisation'ofsteam. 

5) Refractories. 

6) Thermal insulation. 


PCRA films available for industrial sector: 

1) 'Tuning of Boilers and Furnaces". 

2) "Handling of Fuel Oils". 

3) "Efficient Utilisation of Steam in Industries" 
(underproduction). 


I 



Set up a few years ago in anticipation of the world-wide oil 
crisis that's affecting us all today, PCRA seeks to promote 
efficient utilisation of petroleum products—in homes, in 
industries, in farms, on roads. Because till alternative sources 
of energy are found, we have to make the best use of the 
world's diminishing oil reserves. 



PETROLEUM CONSERVATION 
RESEARCH ASSOCIATION 

Petroleum Conservation Research 
Association. 1008. New Delhi House, 

27, Barakhamba Road, New Delhi - 110 001. 


SAVE OjL. 

Because oil isn't going to last forever. 







Ug^outof every 3 litres of fuel oil used in industry is for generating 
in industrial boilers. The very purpose of generating steam at the 
jjjjjggt thermal efficiency is lost if the steam is subsequently wasted 
fiough improper distribution or utilisation. 

SavBjgsteam will have a multi-directional impact on the overall 
jonservation programme. Foremost, it would result in considerable 
savings of furnace oil in the boilers than the same effort on improving 
boiter efficiency. The peak demand forsteam could drop down to a level 
fithin the operating capacity ofthe boiler house, thereby avoiding fuel 
fg^age through overloading or the need for additional boiler(s). Overall 
production time too could be reduced, thus increasing the output of the 
$am consuming equipment. Thus, the productivity of the overall steam- 
ronsuming manufacturing operation could be improved. 

Inthisbooklet, such key result measures are covered as can be readily 
fallowed and implemented to improve steam distribution and utilisation 
in industries. 
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Key result areas for efficient 
Steam utilisation 

1 } Avoiding steam leakages. 

2) Providing dry steam for process. 

3) Utilising steam at the lowest practicable pressure for 
process. 

4) insulation of steam pipelines and hot process equipments. 

5) Proper utilisation of directly injected steam. 

6) Proper air venting. 

7) Minimising barriers to heat transfer. 

8) Condensate recovery. 

9) Flash steam recovery. 

10} Proper selection and maintenance of steam traps. 

11} Proper sizing of steam and condensate pipelines. 

12) Reducing the work to be done by steam. 

1. Avoiding steam leakages 

Steam leakage is a visible indicator of waste and must be 
avoided. It has been estimated that a 3 mm diameter hole on a 
pipeline carryin g 7kg/cm 2 stea m wou Id waste 32.65 KL of fuel 
oil per year. Steam leaks on high pressure mains are 
prohibitively costlier than on low pressure mains. 



Any steam leakage must be quickly attended to. In fact, the 
plantshould consider a regular surveillance programmefor 
identifying leaks at pipelines, valves, flanges and joints as 
2 50011 as they occur - Indeed, by plugging all leakages, one may 


be surprised at the extent of fuel savings, which 
upto 5% of the steam consumption in a small ormedium<L 
industry or even higher in installations having several™! 
departments. ^ 

To avoid leaks it may be worthwhile considering replacemi 
of the flanged joints which are rarely opened inoldplantsbS 
welded joints. These days, technology is available to plug 
online steam leaks. Even continuous process industriescea 
take advantage of this. 

2. Providing dry steam for process 

The best steam for industrial process heating isdry satura^ 
steam—neither wet nor superheated. If steam is wet, the * 
trapped moisture particles reducethe total heat inthestean 
(since they carry no latent heat), and increase the resistandli 
of water on the heat transfer su rfaces, thereby slowingdon 
the rate of heat transfer. Such moisture also overloadstte! 
traps and other condensate handling equipment. On the til# 
hand, superheated steam is not so practical or desirable for 
process heating because its temperature in the plant cannot 
effectively controlled (unlike saturated steam whose 
temperature depends only on the pressure), and also because 
it gives u p its heat at a rate slower than the condensation heat 
transfer of saturated steam. 

It must be remembered that a boiler without a superheater 
cannot deliver perfectly dry saturated steam. At best, it can 
deliver only 95% dry steam. The dryness fraction of steam 
depends on various factors, such as the level of water in the 
boiler drum, the effect of peak loads, the surging within the 
boiler, the pressure on the water surface in the boiler andthe 
solids content in the boiler water. Any one of these factorsor a 
combination of them can cause droplets of water to beapart 
of the steam. Indeed, even as simple a thing asimproperbote 
water treatment can become a cause for wet steam. 


As steam flows through the pipelines, it undergoes 
progressive condensation due to the loss of heat to the cotd» 
surroundings. The extent of the condensation depends on the 
effectiveness of the lagging. For example, with poor lagging, 
the steam can become excessively wet. 

Since dry saturated steam is required for process equipment 
due attention must be paid to the boiler operation and laggins 
of the pipelines. A steam separator may be installed on the 
steam main as well as on the branch lines to reduce wetness* 
steam and improve the quality of the steam going to the user 
units. 

There are two types of steam separators commonly used it 
industries, as shown in Fig. 2. 




WET 
STEAM 
- IN 


3. 



for process 


-pui of steam separators, a change in the direction of the 
iflewresults in the trapped water particles being 
sedand delivered to a point where they can be drained 
^*condensate through 3 stesm trap. 


#ianobstacle on which they impinge and fall to the 
Itenofthe unit thereby allowing only dry steam to pass on 

mm- 


2770.8 



in steam reduces as the steam pressure wcreases. 

It is only t 
process^ 
imf 

only be achieved if we go inf 
guide, the steam should always be generated awddistiijti^ 

3 . ... > . __i.^. 

at the hie 
pressure as | 

However, it 

lower the steam pressure, 

Since temperature ist 
at lower steam pressures, 

slowerar^ , . . 

fixed losses are high (e.g. big drying cyfemsf, there may 
even be an increase in steam consumption atlowerpp^w® 
due to increased processing time.Thereare^ however,sfeweral 
equipment in certain industries where onecan profitably go « 
for lower | 
consumption wit 

Therefore,! 


Depending on 
steam pressure with which the equipmerrtcap wong^ 


2,4 Kg/Cm 2 at 
121.5°C 


6.8 Kg/Cm2 at 
164.3°C 


LATENT HEAT OF STEAM 
AT 2.2 Kg/Cm 2 is 2.7% MORE 
THAN AT 6.8 Kg/Cm 2 

W - COMPARISON OF LATENT AND SENS 

TOTAL HEAT AT TWO DIFFERENT PRESSURES OF STEAM 


should be sei 

time or on steam consumption. 

4. Insulation of steam pipelines 
and hot process equipment 

upheattotheamiospItereWra**' 1 "' 
reduce these heat losses. 

It has been estimated that a I 

and 100 meters in length, carrying* 

55=325 


(For 
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Proper utflisstion of directly 


lv-^tapi(pwii ^fMB »FeiaPwff svfFipvt;, wraf^ 



indirect st&am 





ta^ lio^a^ .CTea^etouds of vapour. 



inlet steam pressures are kept very low—around O.Scg/cm 2 — 
and certainly not overt kg/cm 2 . If pressures are high, the 
vetocity of the steam bubbles will also be high and they will not 
get suffka^ttfne toeoridense before they reach the surface. 
Fig. 4 shows a recommended arrangement for direct 
injection of steam. 


A large number of snail diameter holes (2 to 5 mm), facing 
downwards, should be dried on the sparge pipe. That way, 
the initial velocity of the bubb les is dissipated in the depths of 
the liquid. 


Many processes call for the use of open vats of hot liquor. To 
allow, the temperature of the contents of such a vat to 
increase beyond required levels, for example upto 82°C, 
when 66°C is ail that is needed, is to wastefulty use as much 
as one-third of the total steam used in the process. If steam is 
used for 24 hours/day and seven days a week, the excess 
steam utilisation represents a fuel waste of approximately 
90KL of oil a year. In such a situation, an automatic 
temperature controller, as illustrated in Fig. 4, should be 
used to reduce and control the heat demand. 


A thermostatic control of steam admitted is also desirable, to 
avoid overheating of the liquor and wastage of steam. If 
however, the liquid must be kept boiling, it wou Id be difficult to 
regulate the injection of steam, since the temperature of the 
liquid will not rise if excessive steam isadmitted. If possible, 


I 


su€ht»)fes$lmklbe|mrvk^W(thalklandavem.The 

escape of steam throogh the vent, visible to the operator, cat 
tftenbeusedtocoitFolslG»madmi^ion. 



(Rg4- RECOMMENDED ARRANGEMENT FOR DIRECT REJECTION 

OF STEAM 


Steam in the pipe downstream of the controller tends to 
condense, forming a partial vacuum at the time of steam 
supply shut-off either by the temperature controller or due to 
the boiler shut-downs. As a result, liquor willbe sucked back 
into the pipe system. This is bound to adversely affect not only 
the pipes, but may also harm the temperature controller, 
particularly if the liquor being heated is of corrosive nature and 
has suspended particles. Thus, some provision should be . 
made to release the vacuum. It is a common practice to 
provide a check valve in reverse as shown in (Fig. 4). 

6. Proper air venting 

A 0.25 mm thick air film offers the same resistance to heat 
transfer as a 330 mm thick copper wall. The presence of air 
inside the process equipment will reduce the partial pressure 
of steam in the steam-air mixture, thus dropping the overall 
temperature of the steam air mixture, which is the heating 
media. It is, however, impossible to avoid the entry of air intoa 
steam system that is working intermittently. If the steam 
condenses during the shut downs, air tends to be sucked to 
due to the partial vacuum created. Air is also pushed into the 
process equipmentfromthe steam mains at the time of start 
up. The situation can be improved by installing properly sized 
air vents at appropriate positions in the pipelines and the 



> air vent should be so positioned that the 
i pumped out of the equipment as quickly as 
vent should be positioned at the stagnant 
»fmm the steam inlet point If steam inlet is low 
rvents should necessarily be placed at the top and 
i. This will ensure that the incoming steam 
t the entire trapped air in the equipment towards 
. Fig. 6 shows the desirable k>cations of air vents 
I applications. 

I cocks are widely used to remove air from 
jinstallations, but they are often abused. If the start-up is 
*,toeoperatortends to open the vent, which he then 
either too early or too late. 


OBSTACLES IN EFFECTIVE HEAT TRANSFER 




(Fig.5) 


Once the plant is running, the vent code is probably left 
untouched, until output drops significantly, drawing the 
operator's attention to the open air vent. Where an inverted 
bucket or thermostatic trap is used to drain out the 
condensate, there may be no need to make the provision for a 
separate airvent, since these traps can handle and remove air 
and the condensate simultaneously. 


Automatic air vents are ato avaM^ebttftiieyaie rdaii^ 
expensive and should be carefully maintained. The best ■ 
automatic air vents are toe balanced pressure ortoelfefutd 
expansion types. The former are lighter, cheaper amf fwa 
quicker response, whereas toe latter are more robust 


7. Minimising barriers to heat 
transfer 

Heat is transferred from the steam to the material being heated 

in two ways: 

a) By direct contact when steam is directly injected into toe 

material in the chamber. . 

b) Through an intermediate heating surface which acteasa 
barrier between the steam and the material being heated. 


STEAM IN 



AIR VENT 


AIR VENTING 

TRAP 


STEAM IN 



(Fig.6) —POSITIONING OF AIR VENT 
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The direct method has been discussed earlier. In the second 
that ol indirect he^rg»atemperatorecPefence is 
i^twerfto overcome the resistance of the barrier between 
thesteam andthematerial. However, it is not justthe thermal 
tondudivity of the barrier which is an important factor. 
Alongside the heat transfer barrier is an air film as well as 
scaling on the steam side, and scaling as well as a stagnation 
pretfcictfHinon the product side. Fig. 5 illustrates the 

barriers which are formed that impede the flow of heat from 

steam to the material. |t has been estimated that air is 1500 
times rnore resistant to heat transfer than steel and 
13,000times more resistant than copper. Thus, an air film of 
0.025mm thicfcness offers the same resistance to heattransfer 
as 9330mm thick copper wall. Airis probably the best heat 
insulator ever known, it is also the most likely material to be 
trapped in all steam supplies, because when steam 
condenses, air always tries to take its place on account of the 
partial vacuum created. Air is also carried into the steam space 
by incoming steam during start-ups. It is, therefore, essential 
that the equipment should be so designed that the trapped a ir 
ts pumped out automatically at the very beginning. 

Adequate air venting provision should be made to purge 
out air as quickly as possible from the equipment, making 
heat transfer more efficient. Fig. 6 gives the positioning of 
the air vent on steam mains. The location of the air vent in a 
steam cylinder is given in Fig. 7. Also, a typical air vent 
insolation for a jacketted vessel is indicated in Fig. 8. 
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(Fig-7) BEHAVIOUR OF TRAPPED AIR 
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(Fig.8)—AIR VENTING OF STEAM JACKETED BOILING PANS 


'lor# about removal of the condensate film. It is not 
^remove the condensate film for the simple 
ifat steam, when it comes into contact with the 



J3j|g the insulating film we are seeking to reduce. When 
^teis the steam space, the water it carries is deposited on 
Cheated surface, increasing the insulating water film, but 
g^tributing no actual heat transfer process. To prevent 
droplets f rom entering the equipment, it may be 
|teeessaf yto use a steam separator, as already discussed in (2.) 


I Condensate recovery 

I* $ I 

He steam condenses after giving off its latent heat in the 
testing coil or the jacket of the process equipment. A 
sizeaWe portion (about 25%) of the total heat in the steam 
fesves the process equipment as hot water. If this water is 
retained to the boiler house, it will reduce the fuel 
requirements of the boiler. For every 6°C rise in the feed 
water temperature, there will be approximately 1% saving 
effi^ in the boiler. However, in most cases, the boiler water 
has tube chemically treated to prevent or reduce scale 
formation, whereas the condensate is almost entirely pure 
water which needs no treatment. With a good percentage of 
ftecondensate returning to the boiler house, the expenses 
revolved for water treatment will be reduced by an 
appreciable amount. 

Insome cases, the retu m of the entire condensate can make 
the feed too hot to handle. The extra-high temperature feed 
mater may lead to the cavitation of the feed pump, which 
can be overcome by arranging the feed tank at a certain 
height, so that it provides a positive head at the suction 
point of the pump. The necessary head will depend upon 
the temperature of the water and the type of the pump. 
Table I gives the height required for die feed temperature 
fcrmostofthe pumps. This can, in some cases, be reduced, 
reconsultation with the pump manufacturers. 

Table I 


Temperature of 

i Height required 

water f€) 

{Metres) 

88 

1.6 

93 

3.2 

99 

4.8 

100 

5.5 



There may be some exceptions, partkatarfpteverytefe 
plants. Here, the investment of ^ a^^umsyste*nJswly ■ 
high while the heat that can be recovered is vwy smai.te 
such cases, the condensate is not fully recycled to beused 
as boiler feed. The real justification and worfcmg of cost- 
benefit analysis depends on die actual site conditions. 8tat 
in most cases, it is possible to make use of the heat feithe 
condensate, either using h directly as process hot waterer f 
by recovering the heat through a heat exchanger ’ ' a ; 

Another reason for not returning 
fact of its being contaminated in certain processes,arches 
in the plating process, where the vats are heated by steam 
co i Is, and a small teak in the coil aitows add to pass into 
condensate system. To prevem this from being raided, 
into the boiler, the condensate from these vats israade tree 
of in the hot tanks. • 

HOT CORROSIVE 
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many instances, such asm Oil Refineries, where there are 
possibilities of oil contamination, the condensate is passed 
through a Trace Detector' which can detect the 
contamination and give adequate warning. Such 
instrumentation is usually expensive and is only justifiable 
where large quantities of condensate are being recovered 
from sources of possible contamination. 


9. Flash steam recovery 

Rash steam is produced when condensate at a high 
pressure is released to a lower pressure and can be used for 
low pressure heating 

The flash steam quantity can be calculated by the following 
mathematical formula with the help of a steam table: 

Sl _S2 

Flash steam available % =- 

b 

where: Si is the sensible heat of higher pressure 
condensate. 

S 2 is the sensible heat of the steam at lower pressu re 
(at which it has been flashed), 
b is the latent heat of flash steam (at lowe r 
pressure). 

Alternatively, it can be determined from the graph given in 
Fig. 10. For example, if condensate at 11 kg/cm 2 , about 5% 


by weight of the condensate could be generated asi^$g v ; 
steam. This steam can be used on low pressure appikaiag 
like direct injection and can replace an equal quarttfyofife 
steam that would be otherwise required. The higherte j 
steam pressure and the lower the pressure of flash 
the greater the quantity of flash steam that can be ,1 

generated. ,j; 

The demand forflash steam should exceed its supply, 
that there is no build up of pressure in the flash vessel an$> 
the consequent loss of steam through the safety valve, ft? 
Generally, the simplest method of using flash steam isto 
flash from a machine/equipment at a higher pressuretoa' 
machine/equipment at a lower pressure, thereby 
augmenting steam supply to the low pressure equipmaf 
(from the need of steam regularly through a reducing 
valve). 

In general, a flash system should run at the lowest possHi 
pressure so that the maximum amount of flash is availed 
and the back pressure on the high pressure systems is kept 
as low as possible. 

Flash steam from the condensate can be separated in an 
equipment called the 'flash vessel'. This is a vertical vessel 
as shown in Fig. 11. The diameter of the vessel is such thata 
considerable drop in velocity allows the condensate to fall 
to the bottom of the vessel from where it is drained out bya 
steam trap preferably a float trap. Flash steam itself risesto 
leave the vessel at the top. The height of the vessel should 
be sufficient enough to avoid water being carried over indie 
flash steam. 











PRESSURE W 
GAUGE If, 


FLASH 

STEAM-f 

ft IcT 


RELIEF VALVE 


usually fitted with a'pressure ga« 
flash steam leaving fte vessel A' 
provided to vent out the steam m 
up in the vessel. 


f *' .1 .. 'M'f '/r'tf 


f ® CONDENSATE AND B 
T FLASH STEAM tf. 


dll — FLASH VESSEL 


STRAINER 

I || ej*-STEAM TRAP 

Hfe 

CONDENSATE 


For example, if we haveasituatronasshoiw 
thatthere are two plants AandB operating amoltaneo^ 
a factory, Plant A needs high pressure steam And (Hants 
requires low pressure steam, the flash steam from 
condensate of Rant A can be utilised in Plant B through a 
flash vessel reducing the requirementof high pressure 
steam which otherwise would be used in Ptent 8 through 
the pressure reducing valve. 


Ihe condensate from the traps (A) along with some flash 
steam generated passes through vessel (6). The flash steam 
ifet out through (C) and the residual condensate from (B) 


HIGH PRESSURE STEAM 


STRAINER a REDUCING VALVE (DP TYPE) 

I FC -- LOW PRESSURE STEAM - 











steamand high maintenance cost of the traps caneafcjfa& 
avoided. ’■ J 

nfenance of steam traps ■ t . , , , ' 

t'< . , ., The steam trap is an automatic valve capable of 

^ . distinguishing between condensate and live steam Horn.! 

removal ndude the choice of the wrong type of t0 discharge the former (condensate) but doses tot^^ v 

latter (steam). ,>j 


the application, the use of a trap incorrectly 
ft^toadaridpressureconditions,and bad 
.Any of these factors can seriously reduce the 


The difference between condensate and steam is sensed!*' 


output If the user of steam traps is fully aware of traps, several ways. One group of traps detect the difference in 


their functions and types, correct application and 


installation, the poor equipment performance, waste of 

CtasaScstkmofeoiitmoalYused steam traps 


density. Another group react to a difference in temperate 
and the third rely on the difference in flow characteristics. 


i tups 

Thermostatic Traps 

Thermodynamic Traps 

General 

^Operates on the difference (Operates by sensing a 

(Operates on the forces 

1) Impulse Traps 

in density between 

difference in temperatures generated by flashing 

2) Pilot Operated Traps 

condensate & steam.) 

between condensate 

condensate and steam 

3) Labyrinth Traps 


& steam.) 

flowing through orifice.) 

4) Orifice Plates 

If Root Traps: 

1) Balanced-Pressure Traps. 

5) Ogden Pump, etc. 

a) Plain Float 

2) Liquid Expansion Traps. 


bjTrip Float 

3) Bimetal Traps. 



2)BucketTraps: 




a} Open-top bucket traps. 



b) Inverted bucket traps. 




The various characteristics of steam traps are 
summarised in Table H on next page. 


i trap selection 

»selection of a steam trap for a particular application 
is on the process conditions (like temperature, 
jre and quantity of condensate, etc.) and derives from 
\ judgement based on past experience. However, a 
r widely accepted guide for this purpose is given below to 
help the users in making an appropriate decision. 



SHo. Application 


First 

__;_ choice 

1) Steam Mains & Separators T.D. 

2) Steam Mains, Horizontal Runs T.D. 

3) Brandi Mains to Process T.D. 

4) Heat Exchanger (Calorifiers) F.T. 

5) Steam Radiator I.B.T. 

6} Unit Heaters F.T. 

7) Boiling Pans (Pedestal) T.S.U. 

8) Boiling Pans (Fixed) F.T. 

10 


Second 

choice 


Ogden 

Ogden 

T.S.U. 

Ogden 

T.D. 

F.T. 

F.T. 

T.D, 


S.No. 

Application 

First 

choice 

Second 

choice 

9) 

Boiling Pans (Tilting) 

F.T.(SLR) F.T. (SLR) 

10) 

Boiling Pans (Extra Rapid 




Tilting) 

F.T.(SLR) T.S.U 

11) 

Brewing Copper 

F.T. 

Ogden 

12) 

Drying Units (Short) 

T.D. 

T.S.U. 

13) 

Drying Units (Long) 

T.D. 

T.S.U. 

14) 

Dryers-Cylinder 

F.T.(SLR) F.T. (SLR) 

15) 

Digesters 

F.T. 

Ogden 

16) 

Multi-Platen Presses (Parallel 



individual connections) 

T.D. 

T.D. 

17) 

Oil Storage Tanks 

Ogden 

T.S.U. 

18) 

tracer Lines 

T.D. 

T.D. 

19) 

Steam Hammers 

T.D. 

ID. 

20) 

Hot Tables (Process) 

T.S.U. 

T.D. 


Legend: T.D. 

Thermodynamic Traps 

Ogden 

Ogden Traps 

F.T. 

Float Traps 

F.T. (SLR) ... 

Float Traps with steam lock release 

T.S.U. 

Thermostatic Unit 






kil 


I 


TYPE OF OPENING CLOSING I TEMPERA- 

DISCHARGE FORCE FORCE 

[CONDENSATE 


Continuous Buoyancy 


Intermittent Buoyancy 


Intermittent Weight of 
bucket 


Intermittent Weight of 
bucket 


Semi- Metallic 
continuous contraction 


Steam 

pressure 


Float Saturation No 
weight 


Float Saturation No 
weight 


Buoyancy Saturation No 



Saturation Yes 



Metallic Pre-set Yes 
expansion temperature 


Liquid Prte-set Yes 
expansion temperature 


re Semi- 
continuous 


Continuous 

ifcom- 


Any No 
temperature 
below steam 
temperature 



BY 

OENSATE ROST 


Y« Yes 


No Highly 
desirable 


No Desirable As formed Yes Yes 



Yes Not Asformed Yes Yes 
essential 




No Highly After Yes No 
desirable cooling 


Desirable Asformed Yes 



mm 

smm 


Yes Yes I Yes I Yes 


Yes Highly At pre-set Yes No Nb Yes 
desirable temperature ’ 



Not Asformed Yes Yes In trap Yes 
essential , 




































































































ng, group trapping vs. 
rimer, lifting of the 




be so arranged that die condensate 
ffietrap. This is not always appreciated, 
igfr ji lifrrilmTtn provide a 15mm drain hole in 

T® 0 tnm steam main, because most of the 
be carried away by the steam velocity. A 
f ; ^ 0 ^bo^cet at the lowest part of the pipe line; into which 


can drop; of at least 100 mm diameter is 




iSedinsuch cases. 

14 show the wrong and the correct practices in 
pswd^the drain points on the steam lines. 

&Npesrang 

The pipes leading to and from steam traps' should be of 
adequate size. This is particularly important in the case of 
thermodynamic traps, because their correct operation can 
be disturbed by excessive resistance to flow in the 
condensate pipe work. Pipe fittings such as valves, bends 
and tees dose to the trap will also set up excessive back¬ 







pressures in certain circumstances. 

3) Air binding 

When air is pumped into the trap space by the steam, the 
trap function ceases. Unless adequate provision is made for 
removing air either by way of the steam trap or a separate 



(Fig.13)- WRONG WAYS OF DRAINING PIPES 



(Fig.14)—RIGHT WAYS OF BRAINING PIPES 

air vent, the plant may take a longtime in warming upaod 
may never give its full output. 

4) Steam locking 

This is similar to air binding except that the trap is looted 
shut by steam instead of air. The typical example isadrying 
cylinder. It is always advisable to use a float trap provided 
with a steam lock release (F.T. SLR) arrangement. 

5) Group trapping vs. individual trapping 

It is tempting to try and save money by connecting several 
units to a common steam trap as shown in Fig. 14(a). TWs 
is known as group trapping. However, it is rarely successful 
since it normally causes water-logging and loss of output 
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The steam consumption of a number of units is never the 
same at a moment of time and therefore, the pressure in the 
various steam spaces wilt also be different. It follows that 
the pressure at the drain outlet of a heavily loaded unit will 
be less than in the case of one that is lightly or properly 
loaded. Now, if all these units are connected to a common 
steam trap, the condensate from the heavily loaded and 
therefore lower pressure steam space finds it difficult to 
teach the trap as against the higher pressure condensate 
Produced by lightly or properly loaded unit. The only 
satisfactory arrangement, thus would be to drain each steam 
space with own trap and then connect the outlets of the 
various traps to the common condensate return main as 
shown in Fig. 14(b). 


6) Dirt 

Dirt is the common enemy of steam traps andftecaBses# 
many failures. New steam systems contain mi scale, 
castings and, weld metal and piecesof padangandjeM^ 
materials, etc. When the system has been in tisefor a white, 
the i nside of the pipework and fittings, which isexposedto 
corrosive condensate can get rusted Thus, rust in thefarm 
of a fine brown powder is also likely to be pfesentAfithis 
dirt will be carried through the system by the steam and 
condensate until it reaches the steam trap. Some of it may ’ 
pass through the trap into the condensate systemwifeeui 
doingany harm, but inevitably, the rerrainingrlrt^it 
















trap 





lerina steam system is caused by condensate 
>in the plant or pipework. Picked up by the fast 
j steam and carried along with it, when this collection 
i obstructions such as bends, valves, steam traps or 
%me other pipe fittings, the resulting shock is likely to 
cause severe damage to fittings and equipment and result 
in leaking pipe joints. The problem of water hammer can be 
eliminated by positioning the pipes so that there is a 
continuous slope in the direction of flow. A slope of at least 
12mm in every 3 metres is necessary, as also an adequate 
number of drain points every 30 to 50 metres. 


8} Lifting the condensate 

4* the interest of energy and treated water savings, every 
i^ort should be made to recover and re-use the condensate. 
iSenerally, this means lifting the condensate into a return 
mainabove the equipment. There may also be a case where 
the layout of the plant dictates that the steam traps be fitted 
.above the equipment being drained. Wrong installation can 
lead to trouble. Because of the back pressures imposed upon 
die steam trap, it is often better not to lift the condensate 
directly from the trap, but to let it flow by gravity to a pump 
or a pumping trap which can then do the lifting. However, if 
ft i$ decided drat the condensate has to be lifted by its own 
pressure at the trap, it is important to ensure that the 
installation is correctly arranged. 

%ire 16 shows a desirable arrangement of condensate 
draining and lifting. The rising pipe coil is looped to form a 
water seal A small bore pipe is then passed through a 
I steamtightjointatthetopoftherisingpipe,anditsendis 





<Fig.l6)—COIL-HEATED TANK; CORRECT LAYOUT 

pushed well into the loop seal. The trap is fitted as dose% 
the top of this pipe as possible. The water seal now makes! 
near impossible forthe steam to enterthe pipe leading^ 
the trap, and the small bore of this pipe ensures that the 
water column rises steadily due to steam bubbles. 

Maintenance of steam traps 

Dirt is one of the most common causes of steam traps 
blowing steam. Dirt and scale are normally found in all 
steam pipes. Bits of jointing material are also quite 
common. Since steam traps are connected to the lowest 
parts of the system, sooner or laterthis fo.reign matterfinds 
its way to the trap. Once some of the dirt gets logged indie 
valve seat, it prevents the valve from shutting down tightly 
thus allowing steam to escape. The valve seal should 
therefore be quickly cleaned, to remove this obstruction and 
thus prevent steam loss. 

In order to ensure proper working, steam traps should be 
kept free of pipe-scale and dirt The best way to prevent the 
scale and dirt from getting into the trap is to fit a strainer 
before each trap. The strainer element is a detachable, 
perforated or meshed screen enclosed in a metal body. It 
should be borne in mind that the strainer collects dirt in the 
course of time and will therefore need periodic cleaning. 

It is of course, much easier to clean a strainer than to 
overhaul a steam trap (Fig. 15). 

Atthis point, we might mention the usefulness of a sight 
glass fitted just after a steam trap. Sight glasses are useful in 
ascertaining the properfunctioning of traps and in detecting 
leaking steam traps. In particular, they are of considerable 
advantage when a number of steam traps are discharging 
into a common return line. If it is suspected that one of the 
traps is blowing steam, it can be quickly identified by . 
looking through the sight glass. 





Inmost indu$tri es , maintenance of steam traps is not a 
job and is neglected unless it leads to some definite 
ggjbie m the plant. In view of their importance as steam 
L^and to monitor plant efficiency, the steam traps 
igjutre considerably more care than is given. One 
gay consider a periodic maintenance schedule to repair 
^replace defective traps in the shortest possible time, 
preferably during regular maintenance shut downs in 
preference to break down repairs. 

Steam trap capacity 

Hie condensate discharge capacity of a steam trap depends 
mainly on three factors, viz. the size of the valve orifice, the 
deferential pressure across it and the temperature of the 
eondensate. It does not depend on the size of the pipe 
connections. But in practice, it is seen thattraps are ordered 
on the basis of the pipe connections and not on actual 
process conditions. 

Careful consideration should be given to the factors 
responsible for trap discharge capacity. For the actual 
discharge capacity at various differential pressures, the 
manufacturers' booklets should be consulted. 

Asa general rule, traps should not be too oversized. There 
are some types, such as thermodynamic traps, where the 
cycling rate increases if the trap is oversized, leading to 
rapid wearing down of the moving disc. Similarly, in very 
lightly loaded inverted bucket traps, the rate will increase 
because steam passing through the vent hole in the bucket 
condenses in the body. This is wasteful, if the trap is 
oversized. Finally, oversized traps which are physically 
larger than they need be, increase the radiation loss. 

11. Proper sizing of steam and 
condensate pipelines 

It must be remembered that there is always a right size for 
the steam pipe for the amount of steam it has to carry at a 
particular pressure. If the size is too small, then a high 
pressure drop as well as steam starvation at the using end 
will be the result. If it is too large, the capital cost of 
installation will unnecessarily be high, as will be the running 
cost due to the higher radiation losses from the larger 
surfaces. 

Sizing of short branch lines 

For sizing short branch lines, to avoid excessive pressure 
drops, it is recommended that the pipe sizing be based on a 



considerable noise and the erosion would be greater 
particularly when the steam is wet 


Sizing of long steam mains 

A sizing of steam mains based uponavekxjtyofUinAsec. 


friction losses in long lengths of pipelines. The pressure at 
the receiving end would be too low. in such cases, the mains 
should be sized on the basis of pressure drop 
considerations. 


Condensate pipe sizes 

If the condensate pipes are not sized properly, they may 
either impose unacceptably high back pressure on the traps 
when they ard undersized, or a heavy capital investment 
when they are unnecessarily oversized, it should be 
remembered that a trap will have to handle air and flash 
steam in addition to the condensate from the process 
equ i pment at the time of start-up. This is followed by a large 
amount of relatively cool condensate (the starting load is 
usually two or even three times the normal running load). 

As normal running conditions are established, the volume 
of water reduces but since the pressures are higher, larger 
quantities of flash steam will have to be handled. As a good 
thumb rule, it is best to size a condensate pipe as if it were 
carrying water under starting conditions only. It would then 
have adequate capacity to carry the condensate, as well as 
flash steam, underrunning conditions and to allow for the 
discharge of air at start-ups. If the starting load is not known, 
it may be assumed, under average conditions, to be twice 
the running load. An appropriate size has to be chosen 
keeping the allowable back pressure in mind. All pipelines 
should preferably have a fall in the direction of foe 
condensate flow. If the fall in a water pipe is graded so that 
the fall per metre is equal to or greater than the frictional 
resistance per metre, then thewaterwill flow freely without 
causing back pressure on the traps. 

12. Reducing the work to be 
done by steam 

When the steam reaches the place where its heat is 
required, it must be ensured that the steam has no more 
work to do than is absolutely necessary. Air-heater 
batteries, for example, which provide hot air for drying, will 



asethe same amount of steam whether the plant is fully or 
f&rtiy loaded. So, if the plant is running only at 50 per cent 
lead, it is wasting twice as much steam (or twice as much 
fuel) than necessary. 

Always use the most economical way of removing the bulk 
of water from the wet material. Steam can then be used to 
oompiete the process. For this reason, hydro-extractors, 

. spin dryers, squeeze or calender rolls, presses, etc. are 
initially used in many drying processes to remove the mass 
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STEAM WASTAGE DUE TO INSUFFICIENT MECHANICAL DRYING 


(Fig.17) 


of water. The efficiency with which this operation is carried 
out is most important. For example, in a laundry for 
finishing sheets (100 kg/hr. dry weight), the normal 
moisture content of the sheets as they leave the hydro¬ 
extractor, is 48% by weight. 

Thus, the steam heated iron has to evaporate nearly 48 kgs 
of water. This requires 62 kgs of steam. If, due to inefficient 
drying in the hydro-extractor, the steam arrive at the iron 
with 52% moisture content i.e. 52 kgs of water has to be 
evaporated, requiring about 67 kgs of steam. So, for the 
same quantity of finished product, the steam consumption 
increases by 8 per cent. This is illustrated in Fig. 17. 
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This booklet is erne of a series on fuel 
others in the set&es are listed below: 


1) Storage, handling and preparation of foe* pil- 

2) Efficient generation of steam. 

3) Efficient utilisation of steam. 

4) Fuel economy in furnaces and waste heat reeowewy- 

5) Refractories. 

6) Thermal insulation. 


PCRA films available jiecilwr; 

1) "Tuning of Boilers and Furnaces". 

2) "Handling of Fuel Oils". _ 

3) "Efficient Utilisation of Steam in industries" 
(under production ). 



Set up a few years ago in anticipation of the world-wide oil 
crisis that's affecting us all today, PCRA seeks to promote 
efficient utilisation of petroleum products—in homes, in 
z industries, in farms, on roads. Because till alternative sources 
of energy are found, we have to make the best use of the 
world's diminishing oil reserves. 



PETROLEUM CONSERVATION 
RESEARCH ASSOCIATION 

Petroleum Conservation Research 
Association, 1008, New Delhi House, 

27, Bara kh a mb a Road, New Delhi - 110 001. ’ 


SAVE OIL. 

Because oil isn't going to last forever. 
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Introduction 

Inthe context of the oil crisis and high cost of fuel oil, the subject of fuel 
economy and waste heat recovery now requires due importance from 
users of industrial furnaces. Fuel costs constitute about 40 per cent of 
the total value added during the process of manufacture in fuel¬ 
intensive industries such as glass and ceramics, forging, re-rolling,, 
ferrous and non-ferrous foundries, galvanizing, and several other 
applications. 

Hie scope of fuel savi ngs to the tune of 30 to 40 per cent by adoption of 
first aid and long term conservation measures has been amply 
demonstrated by PCRA's experiences in several Indian Engineering 
Industries. 


Fuel consumption and heat 
economy 

The performance of a furnace installation can be expressed 
in various ways, the ultimate aim being the determination of 
the total quantity of fuel required to perform the required 
operation. 

The term 'efficiency' in an industrial furnace, when used in 
the true sense, has reference to heat cost per unit weight of 
finished saleable product, or as the quantity of fuel 
expended to heat a unit weight of stock. While the efficiency 
in a boiler ranges from 60 to 88 per cent the efficiency of 
furnaces are some timesaslowas5per cent. One reason for 
the difference in the efficiency between boilers and 
industrial furnaces is in the final temperature of the material 
being heated. Gases can give up heat to the charge only as 
long as they are hotter than the charge. Consequently, flue 
gases leave industrial furnaces at a very high temperature. 
This factor is responsible for tow fuma* efficiencies. 

The ideal and common efficiencies of Industrial furnaces 
amsbgwpinFtg.1 



THERMAL EFFICIENCY PER CENT 



FURNACE TEMPERATURE (°C) 


(Fig.D- IDEAL COMMON EFFICIENCIES OF INDUSTRIAL FURNACES OF THE INTERMITTENT OR BATCH TYPE 
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Ij^have a clear understanding of the distribution of 
jlmple furnace, let us examine Fig.2 below: 
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yp- FLOW OF HEAT IN A FURNACE 

1 • STOCK ' 5: DOOR 

. 2: GROUND & 6: PORTION OF STOCK 

SURROUNDINGS PROTRUDING 

3: HEARTH OUTSIDE. 

4: CRACKS AND 7 STACK 
OPENINGS 


flow of heat in a fufnace 

The feel oil required for combustion is cleaned, preheated 
and burnt in the combustion zone of the furnace. It would be 
desired that most of the heat liberated be imparted to the 
stockbutthe heat goes elsewhere. Some of it passes into 
the furnace wall and hearth as shown in Fig.2. Another 
portion of heat is lost to the surroundings by radiation and 
convection from the outer surface of the walls or by 
conduction, into the ground. Heat, is also radiated through 
cracks or other openings and furnace gases pass out around 
die door, frequently burning in the open and carrying off 
heal Heat is also lost every time the door is opened. 
Another form of heat dissipation is through the stock which 
protrudes out in certain cases. Finally, the bulk of the heat 
toss passes out along with the products of combustion, 
either in the form of sensible heat or as incomplete 
combustion. Fuel economy demands that the fraction of 
total heat that passes into the stock be as large as possible 
and that all the losses be minimised. 

The purpose of finding out efficiency of a plant is to 
establish how well the plant is designed or run in 
comparison to another similar plant. If this view is accepted, 
then the efficiency of furnaces can be better assessed by 
measuring the amount of fuel required per unit weight of 
material. 

Factors affecting fuel economy 

Various factors which affect fuel economy in industrial 
furnaces are: 


1) Complete comtxjsioffl 

2) Proper feat distrijutioa 

3) Operating at the desired temperature. - / 

4) Reducing beat tosses from furnace openings 

5) Minimising wall tosses. s 

6) Control offumacedraught >, i / 

7) Optimum capacity utilization. ■>: 

8) Waste heat recovery from furnace Sue gases. ,*,, 

1. Complete combustion with 
minimum excess air 

To achieve complete combustion of fuel with minimum 
excess air, a number of factors (such as proper seteoScm and 
maintenance of control, excess air monitoring, air 
infiltration, pressure of combustion air) areto be 
considered. The magnitude of stack losses wMidMeront 
quantities of excess air in the case of a furnace carrying 
away flue gases at 900°C, is depicted in Table. I 


Table-1 

Table showing excess air and heat toss 


Excess air 

Percentage of total heat in the feel earned 

percentage 

away by waste gases. 

(flue gas temperature-OOOX) 

25 

48 

50 

55 

75 

63 

100 

71 


Besides abnormal increase in stack losses, with the mcrease 
in excess air, the ingress of too much excess air fcwnisfhe 
flame temperature and consequently reducesfurnace 
tern perature and the heating rata tf too Me eapssarwere 

used, combustk>n wouki be mcofl^pteteand(MMn^gases 

will carry away unused fuel potential in the tormof unbumt 
combustible gases such ascafhoii monoxide, hydrogen 
and unburnt hydrocarbonswWdt shoiridhaveetherwee 
been usefu liy burnt in the combustion chamber. 

Various considerations for better preparation of fuel oil are 


'Combustion of fuel oil and burners — operation and 
maintenance' wvers various conaderationaWBCt^g 
combustion, selection, operation aid maintenance of 




wrw— 



l&roWmizing excess air. These aspects are not 


Proper heat distribution 



b, be heated to as uniform a 
le^perature as posable with the minimum fuel firing rate. 
U achieve this, the following points should be considered. 

0 the Same should not touch the stock and should 
propagate dear of any solid object. Any obstruction 
whatsoever, deatomises the fuel particles thus 
affecting combustion and creating black smoke. If the 
flame touches the stock, the scale losses increase 
manifold (Ftg. 3). 


a 1 ?. ■ 

JL*_- 
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FLAME 


affiSd 
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FLAME 


• ^ STOCK 

. nunnn 


WRONG 


CORRECT 


f%3^ ALIGNMENT OF BURNERS IN FURNACES 


8) Refractories are leached if the flames touch any part of 
the furnace, as the incomplete combustion products 
can react with some of the refractory constituents at 

■ high flame temperatures. 

'iii) the flames from various burners in the combustion 
space should also stay clear of each other. If the flames 
intersect, inefficient combustion would occur. This can 
be controlled by staggering the burners of the opposite 
walls. 

iv) The flame has a tendency to travel freely in the 
combustion space just above the material. In small 
reheating furnaces, the burner axis is never placed 
parallel to the hearth but always at an upward angle. 
Every precaution should be taken to ensure that the 
flame never hits the roof. 

v) The larger burner produces a long flame which may be 
difficult to contain within the furnace walls. More 
burners of less capacity give better distribution of heat 
in the furnace, and also reduce scale losses while 
increasing furnace life as shown in Fig. 4. 






\ WRONG CORRECT 

(Fig.4) - HEAT DISTRIBUTION IN FURNACES 

vi) For smaller reheating furnaces, it is advisable to 

maintains long flame with a golden yellow colourwhite 

firing furnace oil for uniform heating. It should be seen 
that flame should not be so long that it enters the 
chimney and comes out at the top orthrough doors. 
This occurs when excessive oil is fired normally to 
increase the production rate. Such an operational 
practice in the real sense helps marginally. 

A major portion of the additional oil fired is carried 
away into the stack as waste heat. It is, therefore, 
advisable to contain the flame within the furnace. 

vii) It is also desirable to provide the combustion volume 
adequate to the heat release rate. As a thumb rule, for 
direct fired heating furnace, a heat release equivalentto 
700,000 Kcal per hr. per cubic metre of combustion 
volume may be used. 


3. Operating at the desired 
temperature 

For any given industrial heating or melting operation, there 
is an optimum temperature for operation of the furnace. 
Table II below shows operating temperature for different 
furnaces. 


Table-ll 

Operating temperature for different furnaces 


Slab reheating furnaces 

1200°C 

Rolling Mill furnace 

1180°C 

Bar Furnace for sheet mill 

850°C 

Bogey type annealing furnace 

650 - 750°C 

Bogey type roll annealing furnace 

1000°C 

Small forging furnace 

1150°C 

Rotary iron melting furnace 

1550°C 

Enamelling furnace 

820 to 860^ 
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laterials owe their lower conductivity to the 
itheirthermal inertia depends on the weight per 
►of solids and its specific heat. There are, in 
f three types of insulating bricks: 

jets made from diatomaceous earth. 

^Products derived from vermiculite. 

Refractory (fireclay or silica) based products. 

r(c) are known as insulating refractories and are 
fas inner lining in furnaces. 

lerearetwo methods of insulation normally used for high 
temperature furnaces. When the furnace is operating 
sdtinuously under severe condition of atmosphere or high 
temperature, a lagging of diatdmaceousinsulation.is placed 
feeNnd a dense refractory base. In other installations where 
deaner conditions or a lower temperature prevail, 
particularly in short cycle intermittent furnaces and kilns, 
^insulating material can itself form the refractory lining 
m no back up refractory bricks. 

Materials of the latter type are highly porous refractory and 
have fair strength and spalling resistance, andean in 
general, be used up to a temperature as high as 1800°C. 

Another class of materials (ceramic fibres) with very low 
Wdtictivity, and extremely light weight, with the capacity 
towithstand thermal shocks can also be used in intermittent 
femaces. 


%»us aspects, on heat savings through the choice of 
appropriate refractories and insulation, have been 
highlighted in a booklet in this series entitled 'Refractories'. 


6. Control of furnace draught 

in any furnace, the entrance of uncontrolled free air must be 
prevented. It pays to maintain a slight excess pressure 
inside the furnaces to avoid air infiltration. Large furnaces, 
specially those with stack draft, are equipped with 
pressure sensing devices which by relays and servomotors, 
adjust dampers or adjust the flow of protective gas into the* 
furnace. 

At furnace temperatures, oxygen attacks the common 
ratals and forms oxides or scale. Carbon monoxides and 
Mrogen reduce the oxides to metal. On the basis of these 
considerations, the term "oxidizing atmosphere" and 
“reducing atmosphere" (both refering to products of 
corobustion) were coined and adopted years ago. 


Reducing atmospheres (excess of fueft form less scale than 
that which is formed by oxidizing atmospheresfebroessef 
air) but the scale is tight and adheres firmly. Morescafete 
formed in oxkKzing atmospheres 
easily removable. 

The effect of air infiltration on furnace draught is Siustrated 
in fig. 9. 



AIR INFILTRATION PER sq.cm Of OPENING 
mVhr(1O‘t:,?0OMM} 


(Fig.9) — EFFECT OF NEGATIVE PRESSURES ON Atfl 
INFILTRATION 


If negative pressures exist in die furnace, air infiltration is 
liable to occur through the cracks and openings thereby 
affecting air-fuel ratio control. Tests conducted on 
apparently air tight furnaces have shown air tnfNtradonup 
to the extent of 40%. Neglecting furnace pressure could ’ 
mean problems of cold metal and non-uniformmet^ 
temperatures, which could affect subsequent operations 
like forging and rolling and result in increased fuel 
consumption. 

The furnace pressure is constant« different partsof the 
furnace. The zero level in ttefumacefedielevMatt^b^ 
furnace pressure equalizes the atifiospheriGf^^ 

effect of air pressure onthe location of zero tevefeshownH 

Fig. 10. 

It has been observed that minimum consumption of fuel , 
occurs at considerably higher furnace pressures, than that 
required to keep zero level at the hearth. This phenomenon 
is dire to exfiltration. Exfiltration is less serioustiian 
infittratio«.Sofijeofilieassocia*®dproblemswiih 


f 





ppg.io>- EFFECT OF PRESSURE ON THE LOCATION 
OF ZERO LEVEL AND INFILTRATION OF AIR. 


exfiltration are leaping out of flames, overheating of the 
furnace refractories leading to reduced brick life, increased 
furnace maintenance, burning out of ducts and equipments 
attached to the furnace, etc. 

7. Optimum capacity utilisation 

When the initial design of a furnace is considered, it is 
desirable that discussions take place with all parties 
involved in the process. The aim being to obtain the correct 
furnace for the jobs in hand. One factor which must be 
considered is whether the work can be processed in a 
continuous furnace or should a batch type be used. 

If stock can be fed continuously at one end of a furnace and 
discharged through the other, then the overall efficiency 
will increase with load recuperation from the waste gas 
products. 

If it is not possible to use a continuous furnace, then careful 
planning of the loads for batch type furnaces is essential. A 
furnace should be recharged as soon as possible (within the 
metallurgical and other physical limitations) to enable any 
residual furnace heat to be used. 

Furnace loading 

One of the most vital factors affecting efficiency is loading. 
There is a particular loading at which the furnace will 
operate at maximum thermal efficiency. If the furnace is 
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under-loaded, a smaller fraction of the available heat in fa 
working chamber will be taken up by the load andthefefbf 
the efficiency will be low. 

The best method of loading is generally obtained by trial, : 
noting the weight of material put in at each charge, the 
time it takes to reach a given temperature and the amount 
fuel used. 

Care should be taken to load a furnace at the rate associated 
with optimum efficiency, although it must be realised that 
limitations to achieving this are sometimes imposed by 
work availability or other factors beyond operational 
control. 

The "no-load" consumption to maintain a simple batchtyps 
furnace at 1300°C when empty is about 70% of that required 
to operated the optimum loading rate. 



STEEL THROUGHPUT kg/hr 

(SLOT REHEATING FURNACE: 1.35 m2 HEARTH 
AREA TEMPERATURE 1300°C) 

(Fig.il} 

Fig 11 above indicates the effect of increased loading 
rates on thermal efficiency, and performance of atypical 
slot type reheating furnace for drop forgings. The heat 
balance computations are at different hearth loading 
values, given inTable Ill.The effect of loading on continuous 
furnace performances are tabulated inTable IV.This 
illustrates the advantage of operating the furnaces at the 
highest economic furnace loading. Hearth loading rates 
normally expected in good practices for some typical 
furnaces are given in Table V. 






loading on thermal balance and specific fuel consumptxi 


Hearth loading ffe§ftf/hr.| ; 



98 

W7 

2M 

M 

Jpjfroutput kg/hr 

125 

187 

312 


'jjjfasteel at 1200°C million Kcal/hr =Hc 

.026 

.039 

.065 

.097 

gin furnace structure million Kcal/hr. = Hs 

.063 

.063 

.063 

.063 

He 4- Hs 





fey Heat required: - =HI 

0.222 

0255 

0318 

<M© 

0.4 




jl 

: v Heat to Steel He 





Hoof - -—% 

11.6 

15.2 

20.3 

M 

■ Heatto Structure Hs 





{^consumption Million Cal/tonne 

1800 

1384 

1040 

m 

fepiand Financial Savings% 

mmim 

23 

42 

51 


QgiType Reheating Furnace for Drop Forging 

Pec^rve Hearth Area: 1.277 metre 2 . 

jiSasCondition: 1320X and 10% Excess Air 

M heat to structure: .063 million Kcal/hr, Heat in gas leaving furnace: 60% 

Heat available in furnace: 40% 


imi 

Effect of loading on continuous furnace performance 


Production Rate 


Heat to stock 
i Waste gas loss 
Structure loss 
Heat loss input 


Tonnes/hr. 


million Cal 

n 


u 


10.0 

5.0 

3.0 

IJS 

1760 



176 

2520 



SlEgM 

1760 




6040 



3226 

604 

WmViMm 

1267 

3226 


Specific heat consumption 


million Cal/tonne 





hearth loading rates normally expected in 
good practice 





■■v"' ; p [ ; 

Weattreatment furnace 
teieafing furnace 
“%op stamping and forging 
.fjontinuQus reheating 


Kg/mVh 


147-195 
195-293 
293 - 390 
342-489 



co-ordination among the various departments, se kmmm 
appropriate size and type of the furnace and material 
handling system. Frequent breakdowns in the . % 
production machines make the furnace idle for lengthy 
periods, thus causing extra expenditure on fuel. Economy 
could be achieved by collecting an adequate sequenceof 
charges, operating the furnace continuously at the most 
economical loading and then shutting down entirely fora 
given period if insufficient work is available. When shut 
down, all sources of air leakage should be minimised. 


(feting of stock 

The disposition of the load on the furnace, hearth should be 
arranged so that: 

a| ft receives maximum radiation from the hot surfaces of 
the heating chamber and the flames, 
fe} The hot gases are efficiently circulated around the heat 
^ receiving surfaces. 

c| There should be adequate spacing between the billets. 
i • Overlapping of materials, results in non-uniformity of 
temperature and should be avoided. 

Stock should not be placed in the following positions: 
aj In the direct path of the burners or where flame 
impingement is likely to occur. 
ty in an area which is likely to cause a blockage or 
restriction of the flue system of the fu rnace. 
c) Close to any door openings where cold spots are likely to 
develop. 

Load residence time 

In the interest of fuel economy and work quality, the 
materials comprising the load should only remain in the 
furnace for the minimum stipulated time to obtain the 
required physical and metallurgical requirements. 

When the materials attain these properties they should be 
removed from the furnace to avoid damage and fuel 
wastage. For heating steels, the general rule is that heat 
travels 3mm in 5 minutes. For cylindrical square bars, the 
prescribed heating rate is 20 minutes per 25 mm of diameter 
of mild steel; and 40 minutes per 25 mm of diameter for 
alloy steels. For annealing of steel, 60 minutes are needed 
per 25 mm of diameter or thickness. The above values hold 
for the furnaces where the stock size is relatively small with 
respect to the size of the furnace. 

Furnaces should be operated at their optimum rated 
capacity to achieve best fuel economy. This involves proper 
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8. Waste heat recovery from 
furnace flue gases 

In any industrial furnace the products of combustion leave 
the furnace at a temperature higher than the stock 
temperature. Sensible heat losses inthe flue gases, while 
leaving the chimney, carry 35 to 55 per cent of the heat input 
to the furnace. Typical quantities of waste heat available in 
different operations are listed in Table VI below: 


Table-VI 


Furnace 

Temperature ft) 

Copper reverberatory furnace 

: 1100-1400 

Forge and billet heating furnace 

: 800-1100 

Glass melting furnace 

: 1000-1300 

Open hearth steel furnace air blown 

: 550- 700 

Furnace oxygen blown 

: 700-1150 

Annealing furnace 

: 600-1100 

Ceramic kilns 


(Down draft) 

: 70-1100 


The higher the quantum of excess air and flue gas 
temperature, the higher would be the waste heat 
availability. 

The sensible heat in flue gases can be generally salvaged by 
the following two methods: 

1) Charge preheating. 

2) Preheating of combustion air. 

Besides, there are other recovery techniques such as steam 
generation through waste heat boilers, gas turbine 
systems, vapour absorption, refrigeration systems, etc. 
However,coverage on the above systems fall outside the 
perview of this booklet. 





■be of the industries for melting 500 kg of gun metal per 
fpi r in a reverberatory fumace> it was found that there was 

Ikuch flame burning outside foe fomace as it was inside. 

ffpfwas being practised by the operators thinking that melt 
Be was shorter if foe flame leaps out. 
fe order to stop this wasteful practice, an experiment was 
Conducted on two identical furnaces; gun metal to be 
melted was weighed and charged to both furnaces at the 
same time. One furnace was.operated as it was normally 
done by the operators, and the other furnace was operated 
by confining foe flame within foe furnace and closing all 
openings with refractory bricks. In both cases, foe time 
taken and fuel consumed to melt the charge was noted. The 
exercise was repealed by interchanging the furnaces and 
the time taken and fuel consumed noted again. 

The experiment revealed, to foe surprise of the 
management of the industry and their operators, that the 

time taleen to melt the charge by controlling the flamewithin 

foe furnace was the same as in the case of foe fu rnace with 
flames leaping out BtA most important of all was that the 
foe! consumption was almost half where the flames were 
.contained within, as opposed to the other furnace where 


Hence it is imperative that all unnecessary openings of the 
furnaces be sealed and foe flame be contained within the 
furnace: 
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type may be provided. To minimise heat losses, the 
i should be sufficiently thick and of { 
insulation quality, fig.7 illustrates the method of holding 
cement in ardoorfoame. 


to ordertoreduee fatigue as well as to ensure ease in closing 
foe opening, vertically lifting doors balanced by counter 
We^^^touldbeusedasshowninFig 8. 

5. Minimising wall losses 

About 3M0% of the fuel input to the furnace generally goes 
to mafeeupfoc heat losses in intermittent or continuous 
furnaces. The appropriate choice of refractory and 


RAMMED 
IN PLACE 


¥ 


(Fig.7) - METHODS OF HOLDING CEMENT IN 
DOOR FRAME 



PIT IN FLOOR-> I 

' I 

(Fig.8) -FURNACE DOOR LIFTING MECHANISM 
WITH COUNTER WEIGHT 

insulation. Several material with different combination 
heat insulation and thermal inertia should be considei| 
minimise heat losses through furnace walls. The use»| 
insulating refractories of appropriate quality andfol^ 
can cut down heat storage capacity of walls, andtin%®j 
required to bring the furnace to operating temperai .rety 
much as 60-70 per rent in intermittent fu rnaces. 














Operating at too high a temperature will not only mean 
unnecessary waste of fuel in terms of heat, but will also 
cause overheating of the stock, its spoilage or excessive 
oxidation and decarburization as well as over-stressing the 
refractories. Normally, in most of the plants, the decision on 
the proper operating temperature is leftto the judgement of 
the operators. In order to avoid human error, provisions for 
temperature control instruments should be made. 

The furnaces are often run without any temperature 
controls, often with 'on-off control', which is extremely 
harmful to the optimum performance of the furnace. In the 
'off condition, only the atomising air enters the furnace 
bringing down its temperature rapidly so that when the oil 
firing proces is recommended, the amount of oil supplied to 
the furnace to bring up the temperature, is much more than 
would be necessary had the furnace been operated on a 
'proportional control'. 


4. Reducing heat losses from 
furnace openings 

In oil fired furnaces, substantial heat losses occurthrough 
furnace openings. For every large opening, heat loss due to 
openings may be calculated by computing black body 
radiation at furnace temperature, and multiplying these 
values with emissivity (usually 0.8 for furnace brick work), 
and the factor of radiation through openings. The black 
body radiation losses can be directly computed from the 
curve as seen in Fig.5. Factor for radiation through 
openings can be determined with the help of nomogram as 
in Fig.6. 

Heat loss through openings=Area of cross section x Factor 

of radiation through openings 
x Black body radiation. 


Example 

Afumace front at 1000°C is bricked up with a 115mm wall 
trough an observation opening (peephole) of 
fSmmx 115mm which is left open. The heat losses through 
tie opening are worked as under: 

;#ea of opening=6.5 x 11.5 = 74.75cm 2 
m Ratio of sid§s of rectangle=115/65=1.77 
p&Qrfbr radiation through opening=0.71 (from Fig.6) 
|fiRSMty=0.8 

pack Body Radiation corresponding to 1Q00°C 
' • =1200 Kcal/cnvVhr. (from Fig.5). 

before heat k>ss=74J5 x 1200x0.71 x0.8 
=51,000 Kcal/hr. 
ht fuel oil loss=5.4 lit/hr 




TemparttutefC) 


(Fig.5) - BLACK BODY RADIATION 
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RAT,0 • - DIAMET1B Oft ^ 

THICKNESS Of 

(Fig.6) - RADIATION THROUGH OPEMMQSOe $#1 
VARIOUS SHAPES 



Assuming the heat carried in 
supplied 

equivalent oil savings=13 Iftres/how; 
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*to be pre-heated, the others contain the 
frwaste heat 

prators may be of ceramic or metallic types. The 
operators are bulky and offer considerable 
»to transfer of heat because of low conductivity 
> have a greater tendency for leakages. Metallic 
jrs, however, are less prone to leaks and thermal 
isand can be controlled. Metallic recuperatorsare 
|io maintain and install and involve less initial cost, 
ythe above reasons, ceramic recuperators are not 
f in use. 

5 of the common flow arrangements encountered in 
Operators are depicted in Figs. 15 and 16. 


^parallel flow recuperator, the air and hot gases flow in 
ftesame direction. In a counter flow recuperator, the 
jgetion of flow of hot gases is opposite to that of air. 


However, in a crossflow recuperator, the air and hot gases 
flow at right angles to each other. 

The considerations for design and selection oif a metallic 
recu perator must take into account 
t waste gas temperature. 

• desired air/fuel gas pre-heat 

• initial cost and maintenance cost 

• materials available for use in recuperator. 

• operating pressure, on the fuel gas and combustion air 
side, as well as permissible pressure drops in the 
recuperator system. 

• availability of space for installation of recuperator. 

• campaign life of furnace and reliability desired inthe 
system. 

Metallic recuperators can be of three basic types depending 
on the method of heat transfer, viz., radiation, convection, 
combined convection and radiation type. 


GAS INLET GAS OUTLET 



GAS DOWNFLOW 
AIR AND GAS COUNTERFLOW 
SINGLE PASS 


GAS UPFLOW 
AIR COUNTERFLOW, 
THREEPASS 


GAS UPFLOW AND DOWNFLOW 
AIR COUNTER FLOW, 
SINGLE PASS 

GAS INLET 


AIR 

INLET' 


>r GAS x I 

.. I . •• '7*: 


AIR 

'OUTLET 
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GAS OUTLET GAS INLET 




GAS OUTLET 


GAS UPFLOW AND DOWNFLOW 
AIR COUNTERFLOW, SINGLE PASS 


GAS UPFLOW GAS DOWNFLOW 

AIR COUNTERFLOW, TWO PASS AIR PARALLEL FLOW, THREE PASS 

(Fig.151 

















COUNTER-FLOW RECUPERATOR AND TEMPERATURE DISTRIBUTION. 


FLUE GASES 




PARALLEL-FLOW RECUPERATOR AND TEMPERATURE DISTRIBUTION. 


FLUE GASES 



DIRECTION OF 
FLUE GAS FLOW 


AVERAGE FLUE GAS 
TEMPERATURE IN 
DIFFERENT 
TUBES 



•"*- AVERAGE AIR 
TEMPERATURE 


DIRECTION OF AIR FLOW-*. 

CROSS-FLOW RECUPERATOR AND TEMPERATURE DISTRIBUTION 
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(Fig. 16)- TYPES OF FLOWS AND TEMPERATURE DISTRIBUTION 



foSatkm recuperator 

juration recuperator, the products of combustion enter 
^recuperator through an opening in the furnace roof 
^airflows at a higher velocity through a narrow 
gHjtifus between the outer and inner walls. The outer shell 
fcinsulated. Fins are provided on the inner shell to increase 
lebeat transfer area. This type of a simple recuperator is 
particularly suitable for small forging furnaces. This is 
shown in Fig. 17 

WASTE GAS 



Radiation recuperators can operate with waste gas 
temperatures in the range of 1000 to 1500°C to pre-heat air 
up to 600°C. The advantage of radiation recuperator over 
convection recuperator is that the heat transfer is intensive 
through radiation and also offers possibility of a higher air 
pre-heat. Other advantages are low pressure drop in flue 
9as side because of larger cross sections, thereby 
enhancing the possibility of using dust laden waste gases. 


Convection recuperator 

These types of recuperators can be with a heating system 
made up of either drawn steel tubes, or cast tubes. 
Convection recuperators are used with flue gas 
temperatures from 300to 1050°C; the degree of air preheat 
is limited to 600°C 

Combined radiation and convection recuperator 

The advantages of radiation and convection recuperators 
are combined in the arrangement of heat exchanging 
surfaces. In this system, a tube bundle is arranged in a ring 
inside a double shell type recuperator. 

A case study of a galvanizing furnace in a steel tube plant 
showed significant fuel savings on installation of a metallic 
recu perator as illustrated below: 

System: heating of combustion air in a recuperator. 

Average consumption of furnace oil in the furnace: 3000 
litres/day (24 hrs.) 

Temperature of flue gases before heat recovery: 580X. 

Temperature of flue gases after installation of recuperator 
at the exit: 400°C. 

Temperature of combustion airat recuperator outlet: 320°C. 
Quantity of air heated: 2000 N. Cubic Metres/hr. 

Quantity of heat recycled back to the furnace by preheating 
of combustion air: 1,71,OOOKcal/hr. 

Quantity of furnace oil saved per day: 500 litres/day (Rs. 
1400/day) 

Monthly saving in furnace oil: Rs. 42,000 
Investment on the system: Rs. 1,05,000 
Payback period on investment: 2 'A months. 

Quantitatively, every 21°C rise in combustion «r 
temperature results in one percent hid ©i savings. 

However, the quantum of savings are normally greater with 
higher flame temperature, reduced excess air levels and 
higher productivity of the furnace. 

Failure of metallic recuperator 

Some of the major sources of metallic recuperators and the 
possible remedies are discussed here below: 

Oxidation 

Parts of the recuperator which reach temperatures of 50Q°C 
and above are subjected to oxidation by oxygen, water 
vapour or carbon dioxide present in waste gases. The 
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; iftienstity of attack depends on the temperature of surfaces 
as welt as the concentration of oxidants in the gases. 
However, alleys are readily available today to counter 
oxidatkmuptoa wall temperature of 1100°C. However, one 
must consider the fact that ultimately the recuperator will 
suffer scaling and will need replacement. Alloying elements 
in steel such as chromium, silicon, nickel are used to 
withstand high temperature services. 

Sulphur attack 

The action of sulphur on the waste gases depends on the 
nature of gases (oxidising or reducing), temperature of 
gases, wall temperature and on the type of metal used as 
the heat exchanging surfaces. At the hot end of a 
recuperator with flue gases of oxidising nature, and the 
presence of vanadium oxides sulphur in the waste gases is 
corrosive. At the cooler end of recuperator, acid corrosion 
may occur due to the action of sulphur, if metal 
temperatures drop below the acid dew point of gases. Acid 
dew point for products of combustion depends mainly upon. 
the sulphur content of the fuel and varies from 130°C with 
1% sulphur to about 180°C with 4% sulphur in the fuel. The 
problem of lowtemperature corrosion is taken care of at the 
time of designing the recuperator, by ensuring that the wall 
temperature in all parts of the recuperator are well above 
the acid dew point of gases. This is done by choosing a 
suitable gas/airflow pattern and other changes in the 
constructional features of a recuperator. 

High temperature corrosion 

High temperature corrosion means the corrosion attack on 
metallic surfaces in a certain temperature range caused 
through traces of vanadium contained in the fuel oil ash. 
The insoluble metal oxides in the fuel ash, viz., vanadium 
pentoxide and sodium oxide, cause considerable 
corrosion when the metal temperature is in the range of 
about 680°C. The hazards of high temperature corrosion 
is to be avoided by maintaining the metal wall temperature 
of a recuperator below 600°C. This limitation is not there in 
case of Ceramic Recuperator. 

Cracking and leakage in heat exchanging parts 

This type of failure in a recuperator is due to the thermal 
expansion not being contained fully in different parts of the 
recuperator. Sometimes, this also occurs if the recuperator 
which is supposed to expand in a particular direction is 
restricted due to any shift or changes in the refractories 
housing the recuperator. This problem can be countered 
by paying considerable attention to thermal expansion in 
the metallic recuperator at the design stage. 
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PCRA films available for Industrie! sector: 

1) “"Tuning of Boilers and Furnaces". 

2) "Handling of Fuel Oils" 

3) "Efficient Utilisation of Steam in \ ndustries" 
(under production). 



Set up a few years ago in anticipation of the world-wide oil 
crisis that's affecting us all today, PCRA seeks to promote 
efficient utilisation of petroleum products—in homes, in 
industries, in farms, on roads. Because till alternative sources 
of energy are found, we have to make the best use of the 
world's diminishing oil reserves. 
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Petroleum Conservation Research 
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27, Barakhamba Road, New Delhi - 110 001. 


SAVE.OIL. 

Because oil isn't going to last forever. 









Introduction 

ggoufetfuring processes involving high temperatures whether 
gelling,refining, sintering, heating, and soaking or heat treatment, 
need refractories to withstand service conditions at the desi red 
gating temperatures. Use of the right type of refractories in 
Iroaces and kilns, increase their efficiency and result in substantial 
fttef savings. 


booklet covers the types of refractories, their properties and 
applications, and how they may be applied to give better 
^el efficiency and service life. 
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What is a refractory? 

Any material can be described as 'refractory,' if it can 
withstand the action of abrasive or corrosive solids, liquids 
or gases at high temperatures. 

The various combinations of conditions in which 
refractories are used, make it necessary to manufacture a 
range of refractory materials with different properties. 
Refractory materials are made in varying combinations and 
shapes and for different applications. 

Requirements of refractories 

The general requirements of a refractory material can be 
summed upas: 

* Its ability to withstand high temperatures. 

* Its ability to withstand sudden changes of temperatures. 

* Its ability to withstand action of molten metal slag, glass, 
hot gases, etc. 

* Its ability to withstand load at service conditions.- 

* Its ability to withstand load and abrasive forces. 

* Low coefficient of thermal expansion. 

* Should be able to conserve heat. 

* Should not contaminate the material with which it comes 
into contact. 


Properties of refractories 

Some of the important properties of refractories are: 

Melting point: Pure substances melt sharply at a definite 
temperature. Most refractory materials consist of high 
melting particles bonded together. At high temperature, 
glass fuses and as the temperature rises, the resulting slag 
increases in quantity by partial solution of the refractory 
particles. The temperature at which this action results in 
failure of a test pyramid (cone) to support its own weight is 
called, for convenience, the melting point of the refractory. 
Table 1 shows the melting point of some pure compounds 
used as refractories. 


Table-1 

Melting points of pure compounds 


Pure compound 

Formula 

. * 

Melting; 1 

temperature 

Alumina 

AI2O3 

2050 

Lime 

CaO 

2570 

Chromite 

Fe0Cr203 

2180 

Chromium Oxide 

CrcOs 

2275 

Magnesia 

MgO 

2800 

Silica 

Si0 2 

1715 

Titania 

Ti0 2 

1850 


Size: The size and shape of the refractories is a part ofthe 
design feature. It is an important feature in design since* 
affects the stability of any structure. Accuracy and size is 
extremely important to enable proper fitting of the 

refractory shapeand to minimisethethicknessandjoNsin 

construction. 

Bulk density: A useful property for refractorfes is bulk 
density, which defines the material present in a given 
volume. An increase in bulk density of a given refractory 
increases its volume stability, its heat capacity, as wellas 
resistance to slag penetration. 

Porosity: The apparent porosity is a measure of the volume 
of the open pores, into which a liquid can penetrate, asa 
percentage of the total volume. This is an important 
property in cases where the refractory is in contact with 
molten charge and slags. A low apparent porosity is 
desirable since it would prevent easy penetration of the 
refractory size and continuity of pores will have important 
influences on refractory behaviour. A large number of smaS 
pores is generally preferable to an equivalent number of 
large pores. However, a measure of the true porosity which 
also takes into account the volume of closed pores, givesa 
reasonable idea of the texture of the material, as well as 
sintering characteristics. In fact, porosity, bulk density and 
apparent solid density have been termed rightly as'Vttd 
statistics" of refractory shapes. 

Cold crushing strength: The cold crushing strength, whfch 
is considered by some to be of doubtful relevance asa 
useful property, other than that it reveals little morethantse 
ability to withstand the rigou rs of transport, can be usedasi 
useful indicator to the adequacy of firing and abrasion 
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g^jcgin consonance with other properties such asbulk 


?#iW&fccone equivalent: Temperature at which a 
ijcpy will deform under its own weight is known as its 
gloning temperature which is indicated by PCE. 
factories, due to their chemical complexity, melt 
Aggressively over a range of temperature. Hence 
glartoriness or fusion point is ideally assessed by the cone 
l&n method. The equivalent standard cone which melts 
pfie same extent as the test cone is known as the 
^metric cone equivalent. Thus in Fig. 1, refractoriness 
Sample A is much higher than B and C. 
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|fig.1)-PYROMETRIC CONES 

Thepyrometriccone equivalent indicates only the softening 
temperature. But, in service the refractory is subjected to 
load which would deform the refractory at a much lower 
temperature than that indicated by PCE. With change in the 
environmental conditions, such as reducing atmosphere, 
the P.C.E. value changes drastically. 

Refractoriness under load: The refractoriness under .oad 
test (RIIL test) gives an indication of the temperature at 
which the bricks will collapse, in service conditions with 
similar load. 

However, under actual service where the bricks are heated 
only on one face, mos'of the load is carried by the relatively 
cooler rigid portion of the bricks. Hence the RUL test gives 
only an index of the refractory quality, rather than a figure 
which can be used in a refractory design. Under service 
conditions, where the refractory used is heated from all 
sides such as checkers, partitioin walls, etc. the RUL test 
data is quite significant. 

beep at high temperature: Creep is a time dependent 
Property which determines the deformation in a given time 
and at a given temperature by a material under stress. 

The criterion of acceptance usually adopted is; that 


compressive creep under the required ccndlf^lti^ 
and temperature shall not exceed 03% in the first SO bouns 
of the test. This figure has been fwnd to indicate that dve 
creep rate falls by a negligible amount at toe end of toe 
stipulated period, and therefore the refractory can be 
considered safe to use for a much longer time. 

Volume stability, expansion, and shrinkage at high 
temperatures'. The contraction or expansion of the 
refractories can take place during service. Such permanent 
changes in dimensions may be due to: 

i) The changes in the allotropic forms which cause a 
change in specific gravity. 

ii) A chemical reaction which produces a new material of' 
altered specific gravity. 

iii) The formation of liquid phase. 

iv) Sintering reactions. 

v) It may also happen on account of fluxing with dust and 
slag or by the action of alkalies on fireclay refractories, 
to form alkali-alumina silicates, causing expansion and 
disruption. This is an example which is generally 
observed in blastfurnaces. 

While it is desirable that all these changes are effected 
during manufacturing, it is not possible due to economic 
reasons, as the process is time dependent Permanent 
Linear Change (PLC) on reheating and cooling of the bricks 
give an indication on the volume stability of the product as 
well as the adequacy of the processing parameters during 
manufacture. It is particularly significant as a measure of the 
degree of conversion achieved in the manufacture of silica 
bricks. 

Reversible thermal expansion: Any material when heated, 
expands, and contracts on cooling. The reversible thermal 
expansion is a reflection on toe phase transform^ionstoat 
occur during heating and cooling. The PLC and the 
reversible thermal expansion are followed in the design of 
refractory linings for provision of expansion joints. 

As a general rule, those with a lower thermal expansion 
co-efficient a re less susceptible to thermal spaffing. 
Thermal conductivity: Thermal conductivity depends upon 
the chemical and mineralogtcaf compositiGosasweflastoe 
glassy phase contained in tberefcactoiy and the application 
temperature. Although it is one of the least important 
properties as far as service performance is coooemed, it 
evidently determines the thickness of brick work. 

The conductivity usually changes with rise in temperature. 
In cases where heat transfer is required torough the brick 
work, for example in recuperators, regenerators, muffles, 


etc. the refractory should have high conductivity. Low 
the^prnai conductivity is desirable for conservation of heat by 
providing adequate insulation. 

The provisions for back-up insulation, conserves heat but at 
the same time it increases the hot face temperature and 
hence the demand on the refractory quality increases. 
Accordingly, insulation on the roof in open hearth furnaces is 
normally not provided, otherwise it would cause failure due 
to severe dripping. Depending on the characteristic of the 
refractory used inthe hot face, such as the high temperature 
load bearing capacity, it may be required that the quality of 
the brick be increased to the rise in temperature caused by 
over insulation. 

Lightweight refractories of low thermal conductivity find 
wider applications in the moderately low temperature heat 
treatment furnaces, where its primary function is usually 
conservation of energy. It is more so in case of batch type 
furnaces where the low heat capacity of the refractory 
structure would minimise the heat storage during the 
intermittent heating and cooling cycles. 

Classification of refractories 

Refractories can be classified on the basis of chemical 
composition and use and methods of manufacture as 
shown below: 

Examples 

Classification based on 
Chemical composition 

ACID—which readily Silica, Semisilica, Alumino- 

combines with bases, silicate. 

BASIC—which consists Magnesite, Chrome- 
mainly of metallic magnesite, Dolomite, 
oxides which resists 
the action of bases. 

NEUTRAL—which doesn't Chrome, Pure, Alumina, 
combine; neither 
with acids nor bases. 

Special Carbon, Silicon Carbide, 

Zirconia. 

Classification based Blast Furnace 
on end use Casting Pit 


Classification based on —Dry Press Process 

method of manufacture —Fused Cast 

—Hand Moulded 
—Formed 
(Normal, fired or 
(chemically bonded.) 
—Unformed 
(Monolithics—plastics, 
Ramming Mass, Gunning 
Castable, Spraying.) 

Some of the typical refractories in industrial u$e are as 
under: 

Fireclay refractories 

Fireclay refractories, such as firebricks, siliceous 
fireclays and aluminous clay refractories consist of 
aluminus silicates with various amounts of silica addingup 
SiChcontent of less than 78% and containing less than 44% 
of AI2O3. 

Table 2 shows that as the quantity of impurities increases 
and the amount of AI2O3 decreases, the melting point of 
fireclay brick decreases. Owing to its relative cheapness and 
widespread location of the raw materials used to 
manufacture firebricks, this material finds uses in most 
furnaces, kilns, stoves, etc. 


Tableau 

Properties of typical fireclay bricks 


Brick 

Percent 

Si02 

Percent 

AI 2 O 3 

Other 

Consti¬ 

tuents 

PCE 

°C 

Super Duty 

49-53 

40-44 

5-7 

1745-1760 

High Duty 

50-80 

35-40 

5-9 

1690-1745 

Intermediate 

60-70 

26-36 

5-9 

1640-1680 

High Duty 
(Siliceous) 

65-80 

18-30 

3-8 

1620-1680 

Low Duty 

60-70 

23-33 

6-10 

1520-1595 


Firebrick is the most common form of refractory material 
is used extensively in the iron and steel industry, n» 
ferrous metallurgy, glass industry, pottery kilns, cement 
industry, and by many others. 
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^i^nnima refractories 

^jwio silicate refractories containing more than 45% 
^ma are generally termed as high alumina materials. 

alumina concentration ranges from 45 to 100%. The 
pftactoriness of high alumina refractories increases with 
Icrease in alumina percentage. The applications of high 
iiaiina refractories includes the hearth and shaft of blast 
Intaces, ceramic kilns, cement kilns, glass tanks and 
enables for melting a wide range of metals. 

Sfca brick 


$jfioa brick (or Dinas) is a refractory material containing at 
test 93% Si02. The raw material is quality rocks. Various 
grades of silica brick have found extensive use in the iron 
aid steel melting furnaces. In addition to high fusion point 
mufitetype refractories, the other important properties are 
their high resistance to thermal shock (spalling) and their, 
high refractoriness. It finds typical use in glass making and 
steel industry. 


The outstanding property of silica brick is that it does not 
begin to soften under high loads until its fusion point is 
approached. This behaviour contrasts with that of many 
other refractories, for example alumino silicate materials, 
which begin to fuse and creep at temperatures considerably 
lower than their fusion points. Other advantages are flux 
and slag resistance, volume stability and high spalling 
resistance. 


Magnestite refractories are chemically basic materials, 
containing at least 85% magnesium oxide. They are made 
from naturally occuring magnesite (MgCCb). 

The properties of magnesite refractories depend on the 
concentration of silicate bond at the operating 
temperatures. Good quality magnesite usually results from 
a Ca0-Si02 ratio of less than 2 with a minimum ferrite 
concentration, particularly if the furnaces lined with the 
refractory operate in oxidizing and reducing conditions. The 
slag resistance is very high particularly to lime and iron rich 
slags. 

Chromite refractories 

Here, a distinction must be made between chrome-magnesite 
refractories and magnesite-chromie-refractories. Chrome- 
magnesite material usually contain 15-35% CrcCta and 
42-50% MgO whereas magnesite-chromite refractories 
contain at least 60% MgO and 8-18% CraOs. 

Chrome-magnesite refractories are made in a wide range of 
Qualities and are used for building the critical parts of high 


temperature furriaeeS. These materials can withstand 
corrosive slags and gases and have high refractoriness. The 
magnesite-chromite products are suitable for serviee at the 
highest temperatures and in contact with the most basic 
slags used in steel melting. Magnesfce-chromfteusually has 
a better spalling resistance than dtipme^nepesita 
Zirconia refractories 

Zirconium dioxide (Z 1 O 2 ) is a polymorphic, material; There 
are certain difficulties in its usage and fabrication as a 
refractory material. It is essential to stabilise it before 
application as a refractory. This is achieved by 
incorporating small quantities of calcium, magnesium and 
cerium oxide, etc. Its properties depend mainly on the 
degree of stabilisation and quantity of stabiliser as well as 
the quality of the original raw material. Ziroonia 
refractories have a very high strength at room temperature 
which is maintained upto temperatures as high as ISOCfC. 
They are, therefore, useful as high temperature 
constructional materials for furnaces and kilns. Thetoermal 
conductivity of zirconium dioxide is found to be much 
lower than that of most other refractoriesand toe material is 
therefore used as a high temperature insulating refractory. 

Since Zirconia exhibits very low thermaiiosses and does 
not react readily with liquid metals, it is particularly useful 
for making refractory crucibles and other vessels for 
metallurgical purposes. Zirconia is a useful refractory 
material for glass furnaces primarily sinoe it is not easily 
wetted by molten glasses and because of its low reaction 
with them. 

Oxide refractories (Alumina) 

Alumina refractory materials which consist of aluminium 
oxide with little traces of impurities are often knownaspum 
alumina. 

Alumina is one of the most chemically stable oxides known. 

It is mechanically very strong, Insoluble in water and super 
heated steam, and in most inorganic acids and afcries. Its 
properties make it suitable for the shaping of audbtes for 
fusing sodium carbonate, sodium hydroxide andsodum 
peroxide. It has a high resistance in oxidising and reducing 
atmosphere. Alumina is extensively used in heat 
processing industries. Highly porous alumina Is used for 
lining furnaces operating upto 18S0°C. 

MonolKhics 

Monolithic refractories are replacing the conventional type 
fi red refractories at a much fester rate in many applications 



including those of industrial furnaces. The main advantages 
being: 

i| It eliminates joints whcih is an inherent weakness. 

ii) Method of application is faster and skilled measures in 
targe number are not required. 

iii) Transportation and handling are simple. 

iv) Offers better scope to reduce downtime for repairs. 

v) Offers considerable scope to reduce inventory and 
eliminate special shapes. 

vi) It is a heat saver. 

vii) Has better spalling resistance, 
viii} Has greater volume stability. 

Various means are employed in the placement of 
monoiithics like ramming casting, gunniting, spraying, 
sand slinging, etc. Ramming masses are used mostly in cold 
applications where proper consolidation of the material is 
important. The same practice can be adopted with both air 
setting and heat setting materials. Proper ramming tools 
need to be selected. 

Castables by name implies a material of hydraulic setting in 
nature. Calcium aluminate cement being the binder, it will 
have to be stored properly to prevent moisture absorption. 
Further its strength starts deteriorating after a period of 6 to 
12 months. 

Insulating materials 

Insulating materials greatly reduce the heat losses through 
walls. Insulation is effected by providing a layer of material 
having a low heat conductivity between the internal hot 
surface of a furnace and the external surface, thus causing 
the temperature of the external surface reduced. 

Insulating materials owe their low conductivity to their 
pores while their heat capacity depends on the bulk density 
and specific heat. Structure of air insulating material 
consists of minute pores filled with air which have in 
themselves very low thermal conductivity, excessive heat 
affects all insulation material adversely, but the 
temperatures to which the various materials can be heated 
before this adverse effect occurs differ widely. Clearly, 
therefore, the choice of an insulating material must depend 
upon its effectiveness to resist heat conductivity and upon 
the temperature that it will withstand. 

One of the most widely used insulating material is 
diatomite, also known as kiesel guhr which is made up from 
a mass of skeletons of minute aquatic plants deposited 
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thousands of years ago on the beds of seas and lakes. 
Chemically this consists of silica contaminated with tfey 
and organic matter. A wide range of insulating refractories 
with wide combinations of properties are now available. 
The important physical properties of some insulating 
refractories are shown in the table below: 


Table-Ill 


Type 

Thermal 
conduc¬ 
tivity 
at 400 C 

mean 

Kcal/m/ C 

Max. safe 
tempera¬ 
ture C 

Cold 

Cru¬ 

shing 

Stren¬ 

gth 

Kg/cm' 

Porosity 

% 

Bui 

density 

Kg/W 

Diatomite 
Solid Grade 

.025 

1000 

270 

52 

1090 

Diatomite 
Porous Grade 

.014 

800 

110 

77 

540 

Clay 

.030 

1500 

260 

68 

560 

High 

Aluminia 

.028 

1500-1600 

300 

66 

910 

Silica 

.040 

1400 

400 

65 

830 


Attaching insulation 

The method of attaching insulation bricks is illustrated in 

Fig 2 


METHOD OF ATTACHING INSULATION TO AN 
EXISTING FLUE WALL 


EXISTING FLUE WALL 76 MM. INSULATING BRICK 



^115 MM RED BRIO 
EXTERNAL WALL 


TIE BAR 


600 MM 


TIE BAR 



igjjl^a 115mm brick wall is built outside the existing 
Slaving a suitable gap of 76 mm between the old and 
:'|gHiialls into which the insulating brick may be inserted as 
UpaH is being built. 

jo keep the wall rigid, it is necessary to incorporate one or 
buttresses and further strengthening is possible with a 



Ceramic Fibres 


Ceramic fibres are yet another class of material of recent 
origin. Ceramic fibre which are manufactured by blowing 
either a high velocity gas or high velocity gases on to a 
molten stream of alumino-silicate material with a 
controlled composition that takes care of devitrification and 
shrinkage. The resulting fluffy, white cotton like fibre can be 
spun and fabricated into textiles, blankets, felts, boards, 
blocks, etc. 

These products have low thermal conductivity, very low 
heat storage, extremely lightweight, immunity to thermal 
shocks, and are chemically stable as well as neutral 
exceptionally resistance to wetting by non-ferrous metals 
tike aluminium, zinc and their alloys. Ceramic fibres are 
composed of high purity silica in various percentages. A 
52-48 combination can be applied as a hot face insulation 
material up to 1420°C. Whereas a 62-38 combination 
imparts greater refractoriness to the fibre, 42% AI2O3, 52% 
Si02 and 6% Zr02 produces extra long staple fibre of 10 
inches or so-and are used for manufacturing ceramic fibre 
textiles and ropes. 

The advantages of ceramic modules are: 

i) Better fuel economy (Savings as high as 60% are 
feasible in the case of certain intermittent furnaces) 

ii) Higher productive capacity of furnaces, due to reduced 
heat storage capacity. 

iii) Higher service life of the furnace and reduced 
maintenance costs due to longer refractory life. 

iv) Ease of installation. 

Selection of refractories 

The selection of refractories for any particular application is 
made with a view to achieve the best performance of the 
equipment furnace, kiln or boiler and depends on certain 
properties of the refractories. Further, the choice of a 
refractory material for a given application will be 


f i ' 

determined by the type of furnace or heating ant and the 
prevailing conditions e.g. the gaseous atmosphere, the 
presence of slags, the type metal charge etc. it is.therefore, 
clear that temperature is by no means the only criterion lor 
selection of refractories. 

Any furnace designer or industry should havea dear idea 
about the service conditions which the refractory is required 
to face. The furnace manufacturers or usershaveto 
consider the following points, before selecting a refractory. 

i) Area of application. 

ii) Working temperatures. 

iii) Extent of abrasion and impact. 

iv) Structural load of the furnace. 

v) St ress d u e to temperature gradient in the structures 
and temperature fluctuations. 

vi) Chemical compatibility to the furnace environment 

vii) Heat transfer and fueiconservation. 

viii) Cost considerations. 

It is therefore, essential to have an objective evaluation of 
the above conditions. The proper assessment of the desired 
properties would provide guidelines for selection of the 
proper refractory materials. 

It would be important to mention here that the furnace 
manufacturer or a user is also concerned with the 
conservation of energy. Fuel can be saved in two ways 
either by insulation or by faster working. Both these 
methods give low energy cost per tonne of product. 


Heat losses from furnace walls 

In furnaces and kilns, heat losses from furnace wafts, affect 
the fuel economy substantially. The extent of watt losses 
depends on: 

i) emissivity of walls; 

ii) conductivity of refractories; 

iii) wall thickness; 

iv) whether furnace or kiln is operated continuously or 
intermittently. 

Different materials have different radiation power 
(emissivity). Thus emissivity of watts coated with 
aluminium paint is lower than that of bricks. Fig.3 
shows the coefficient of heat dissipation for the following 
conditions: 

a) rough vertical jrfane surface. 

b) vertical aluminium paintedwatls. 
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CONDUCTIVITY (KCAL/m/ hr /<>C) 3! COEFFICIENT OF HEAT TRANSFER (KCAL/m2 hr »C) 



40 100 150 200 250 300 350 400 450 


The variations of thermal conductivity for typical refractor 
materials (silica brick, fireclay brick and insulation brick) 
with temperature is depicted in Fig.5. Thus at a mean 
temperature of 600°C, conductivity of the insulation bridcis 
only 20 per cent of that for fireclay brick. 

Heat losses can be reduced by increasing the wall 
thickness, or through the application of insulating bricks. 
Outside wall temperature and heat losses for a composite 
wall of a certain thickness of fi ebrick and insulation brick 
are much lowerdueto lesser conductivity of insulating brick 
as compared to a refractory brick. This is depicted by the 
curves in Figs.5 and 6. Thus heat losses from a furnace 
wall 115 mm thick at 650°C amounting to 2650 Kcal/m 2 /hr. 
can be cut down to 850 Kcal/m 2 /hr. by using 65 mm 
insulation on a 115 mm. wall. 

The heat losses discussed in the preceding section are those 
incurred during steady, uninterrupted operation. In actual 
practice, operating periods ("on") alternate with idle 


TEMPERATURE DIFFERENCE BETWEEN SURFACE AND AIR. (°C) 

I-COEFFICIENT OF HEAT TRANSFER FOR DIFFERENT 
CONDITIONS IN STILL AIR AT 40 C. 




650 750 850 950 1050 1150 1250 1350 

INSIDE WALL TEMPERATURE 


(Fig4) - AVERAGE CONDUCTIVITY OF 
REFRACTORY MATERIAL 


(Fig.5)- TEMPERATURE RELATION OF FACES 
FURNACE WALL. 
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(Fig.6)—HEAT LOSSES THROUGH FURNACE WALLS 

periods ("off"). During the off period, the heat stored in the 
refractories in the on-period is gradually dissipated, mainly 
through radiation and convection from the cold face. In 
addition, some heat is abstracted by air flowing through the 
furnace. Dissipation of stored heat is a loss, because the lost 
heat is at least in part again imparted to the refractories 
during the next "on" period, thus expending fuel to 
generate the heat. If a furnace is operated 24 hr. every third 
day, practically all of the heat stored in the refractories is 
lost. But if the furnace is operated 8 hrs. per day, not all the 
heat stored in the refractories is dissipated. For a furnace 
with firebrick wall (350 mm) it is estimated that 55 per cent of 
the heat stored in the refractories is dissipated from the cold 
surface during 16 hours idle period. Furnace walls built of 
insulating refractories and encased in a shell reduce flow of 
heat to the surroundings. The loss can further be reduced by 
inserting a fibre block between the insulating refractory and 


the steel casing. The general question ere asks is how 
much heat loss can be reduced by application of imitation. 

The answer is that it 

and of the insulation andon continuity of fomaceopeiatipn. 

The heat saving pattern with threeof these variabtesare 
indicated in the table below: 

Table-IV 

Reduction of wall losses by msttiattapmi* 

Thickness Continuous Operation 1 Week 1 Day Cycle 

of Fire- Insulation Insulation Cycle 6 Days per week 

brick wall insulation (mutation 


mm 

65 mm 

120mm 

66mm 

66mm 

115 

62 

76 

58 

25 

230 

46 

65 

36 

18 

350 

38 

65 

20 

14 

460 

35 

53 

15 

12 


In the table, one week cycle means continuous operation for 
6 days of 24 hrs. For 5 days operation, the savings reduced, 
approximately 10%, to one day cycle means8 to 10 hr, per 
day. The tabular values must be reduced somewhat, if the 
wall is thick in comparison with the interior dimensions of 
the furnace. The tabularvaluesapply only to thosefumaoes 
which are covered entirely with insulation, even under the 
binding. 

To sum up, the heat losses from the walls depend on 

1) Inside temperature. 

2) Outside air temperature. 

3) Outside air velocity. 

4) Configuration of walls. 

5) Emissivity of walls. 

6) Thickness of walls. 

7) Conductivity of walls. 

The last two can be easily controlled by the furnace 
fabricator. The following conclusions can be drawn: 

i) As the wall thickness increases, the heat losses reduce. 

ii) As thickness of insulation is increased, heat tomes 

reduce. j 

iii) The effect of insulation in reducing heat losses is more' 
pronounced than the increase of wall thickness. 

Roughly 1 cm. of insulation brick is equivalent to 
5to8cm of refractory (firebrick). 

iv) In intermittent furnaces, thin walls of insulating 
refractories are preferable to thick walls of a normal 



Design and constructional 
aspects 


The life of an installation may be shortened due to faulty 
design or improper construction in spite of the selection of 
the right type of refractory. Some of the important aspects 
of refractory construction are: 

Bond: Bond in brick work is an arrangement by which the 
joints between the bricks are staggered in all directions in a 
pre-determined manner. This ensures stability in 
construction as well as air tightness. An all header 
construction is recommended in the hot face of a furnace 
where heavy refractory wear is anticipated either due to 
action of molten metal slag or dust laden gas moving at high 
velocities. Where intermittent repairs to the walls are 
expected, the working layer is built separately from the 
main wall. 

Wall thickness: Structural stability should be taken into 
consideration while deciding the wall thickness. Walls of 
115 mm thickness are not constructed beyond a height of one 
metre without proper anchorage. From the stability point of 
view minimum thickness should be around 230 mm which 
may be suitably increased as the height goes up. Use of 
metallic sheets with anchoring arrangements, improves the 
stability of the wall where basic refractories are used. Such 
anchoring of walls with the furnace structurals should have 
sliding arrangement to take care of the movement of 
refractories during heating up and cooling down. 

Mortar joints: Mortar joints will improve the stability of 
construction. It also takes care of slight variation in sizes as 
well aswarpages by offering a uniform bedding surface. 
The mortar joints should be as thin as possible especially 
where they are in contact with molten metal slag, etc. as in 
the case of ladles handling molten metals. This can be 
achieved where the construction is limited to standard 
bricks. But where special bulky shapes are involved a thicker 
joint has to be provided as a design allowance. Chemical and 


physical properties of mortar should be identical toftatof 
the bricks which they are joining: Workability of the mortar 
is important, in the absence of which, good construction is 
not possible. The excess mortar applied to the brick surface 
should come out from the edges when one brick is tapped 
against the other, to ensure that the joint is full and that 
there is no open gap. 


Expansion joints: As explained earlier, refractories expand 
on heating up. Suitable provision should be made at die 
time of construction for this expansion to take place without 
creating undue stresses which may result in failure of the 
refractories. Usually, expansion joints are built in as the 
construction proceeds. The necessary provision is made 
dependingon the expansion characteristics of the particular 
refractory at the operating temperature. Care should be 
taken to see that the expansion allowance provided is just 
sufficient as any excess provision will have open joints, 
after heating up of the furnace which will have detrimental 
effects. In practice, it has been found that if one could 
provide for just one half of the theoretical expansion it 
would suffice. The remaining one half will be absorbed by 
the mortar joints, or even dry joints between the bricks. In 
some cases, expansion joints are not built in, eitherthey are 
provided for at the ends or alternatively the movement of 
the refractories due to expansion is controlled by allowing 
the structural to move under controlled loads. Expansion 
joints must be kept free from foreign matter like clay or brick 
dust. It is preferable to fill it with some combustible material 
like sawdust, corrugated paper, cardboard, wooden 
shavings, etc. 

Structural support: Refractories are normally held in 
position with a steel shell or a structural framework 
comprising buck-stays and tie rods. As failure of 
structurals by other reason will cause partial failure or even 
total collapse of refractories. Their alignment, shape etc. 
should be of equal concern. Periodical checks on the 
structure should be done as these are likely to lose strength 
by fatigue. Also important is that the structurals should not 
get overheated, and therefore, it should be adequately 
insulated wherever required. 


reference: 

1. Refractories—F.H. Norton, John Wiler Publication. 

2. Refractories And Their Uses—Kenneth Shaw, Applied Science 
Publishers Ltd., London. 

3. Refractory Materials—G.B. Rothenberg, Noyes Data Corpn., 
NJ, USA. 
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This booklet is one of a series on fuel 


others in the series are iisted below: • 


1) Storage, handling and preparation of fuel ©H» * 

2) Combustion of fuel oils & Burners—operation and 
maintenance. 

3) Efficient generation of steam. 

4) Efficient utilisation of steam. 

5) Refractories. 

6) Thermal insulation. 


PCRA films available for industrial sector: 

1) "Tuning of Boilers and Furnaces". 

2) "Handling of Fuel Oils" 

3) "Efficient Utilisation of Steam in Industries?" 
(under production). 



Set up a few years ago in anticipation of the world-wide oil 
crisis that's affecting us all today, PCRA seeks to promote 
efficient utilisation of petroleum products—in homes, in 
industries, in farms, on roads. Because till alternative sources 
of energy are found, we have to make the best use of the 
world's diminishing oil reserves. 


PETROLEUM CONSERVATION 
RESEARCH ASSOCIATION 

Petroleum Conservation Research 
Association, 1008, New Delhi House, 

27, Barakhamba Road, New Delhi - 110 001. 



SAVE OIL. 

Because oil isn't going to last forever. 









Introduction 

the need for efficient thermal insulation has become more 
jttjortant with higher operating temperatures and 
Jaeasing energy costs. Prevention of heat leakage by 
Mjeious application of thermal insulation is the simplest 
SkxJ of achieving substantial economy in energy 
assumption. With the advent of technology in insulating 
materials, many upgraded alternatives are available to 
gwineersfor application in industry. Though thermal 
dilation is equally relevant for cryogenic applications, 

|hs booklet is limited to medium temperature ranges 
SQto600°C). Insulation for high temperature of 6Q0°C, 
which are normally encountered in industrial furnaces, is 
covered in the booklet on 'Refractories' in this series. 



Functions of insulation 

Thermal insulation serves several functions such as: 

i) Saving of energy 

ii) Fire protection 

iii) Conservation of products 

iv) Control of temperature 

v) Increased production 

vi) Better working conditions. 

Principle of insulating 
materials 

Insulators are poor conductors of heat and have low 
conductivity. Insulating material are porous containing a 
large number of air cells. The resistance to heat transfer 
by the insulating material would depend on the number of 
dormant or near dormant air cells packed in the mass. The 
air cell would be dormant if its diameter is no larger than 
the mean free path which, for all practical purposes, could 
be taken as 0.09 microns. This would be possible if 
insulating materials could be produced with very low fibre 
diameters and, space between the fibres be so compressed 
as to be equal or less than the mean free path. Larger air 
cells are not dormant, and thus convection currents are 
set up, due to which air temperature rises, this in turn 
increases the air pressure and consequently the rate of 
heat flow. This means that for higher temperatures, high 
density materials should be used. 

Mechanism of heat transfer 

Heat is transferred through insulation by any one, or more, 
of the following modes: 

1) Solid conduction through matrix or fibres 

2) Gaseous conduction 

3) Radiation across gas or air space 

4) Convection across gas or air space 

5) Overall convection of the hot face to the cold face. 

Materials vary widely in heat conducting properties. This is 
expressed by the term thermal conductivity, Thermal 
conductivity is the amount of heat transferred in unit time 
through an unit area of unit thickness with unit 
temperature difference across the face. Thermal 
conductivity of a given material usually increases with rise 
in temperature. Thermal conductivity values for typical 
heat insulating material, resistant films and heating 
surfaces are shown in Table.1. 


Table-1 

Thermal conductivity of different 
material 


Material 

Density 

(kg/m 3 ) 

Approximate 
conductivity 
values (kcal/m/ 

hr/«C) 

A) Insulating material 


—i 

i) Magnesia 

177-225 

0.051 to 0.066 

ii) Mineral wool 

50-250 

0.035 to 0.067 

iii) Calcium silicate 

160-320 

0.049 to 0.079 

iv) Aluminosilicates 

96 

0.028 to 0.071 

v) Glass fibres 

96 

0.028 to 0.061 

B) Resistant films 

Water at 0°C 


0.510 

Water at 95°C 


0.585 

Air 


0.0214 

Scale 


0.99-2.97 

C) Heating surfaces (Values at 100°C) 


Copper 


338.0 

Aluminium 


206.0 

Cast Iron 


27.8 

Steel (0.5%C) 


44.7 

Brass 


89.3 


Conductivity of an insulating material varies with its 
density, porosity, pore size, (in the case of fibrous 
materials) fibre diameter and shot content (i.e. non- 
fiberized particles of rock or glass wool). It is advisable to 
compute heat losses, on the basis of test values given by 
the manufacturers of insulating materials. However, 

K values acceptable for typical insulating materials 
(magnesia, calcium silicate and mineral wool) are as per 
British standards 3958 Parts 1-5, permitting inherent 
variations in product quality, dimensional tolerance and 
accuracy of fit on application. These are depicted in Fig. 1 
below. 
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f HtHMAL UUNDUCTIVITY (KCAL/m/hr./°C> 



pns in the values of surface coefficient finish or radiating surface and 
velocity 


Wind speed 
iture (°C) (m/sec) 


Surface coefficient (kcal/m 2 /hr/°C) 


Ambient air at 30°C 


Aluminium Galvanized M.S. Doth, Cement 



70 

70 

70 

70 


Fabric 


0 

4.70 

6.41 

7.84 

1 

7.59 

9.30 

10.73 

5 

13.41 

15.12 

16.55 

10 

17.98 

19.69 

2U2 

0 

5.36 

7.15 

8.65 

1 

8.79 

10.58 

12.08 

5 

15.71 

17.51 

19.00 

10 

21.15 

22.95 

24.44 

0 

5.82 

7.71 

9.28 

1 

9.62 

11.51 

13.06 

5 

17.28 

19.17 

20.74 

10 

23.30 

25.19 

26.76 

0 

6.21 

8.19 

9.84 

1 

10.79 

12.27 

13.92 

5 

18.53 

20.51 

22.16 

10 

25.00 

26.97 

28.62 



1 MAGNESIA 

2 MINERAL WOOL 

3 CALCIUM SILICATE 


1-11 

3 t conducted through an insitetinsj material Is 
isferred to the surrounding ait by raia^on and 
ivection. For simplicity the combined effect of radiation 
j convection heat transfers, from the insulation surface 
eferred to as surface coefficient and is affected by the 
ocity of air passing over the surface and by emisswity n 
i surface which is the rate of heat transfer as eompan 
that from a black body. Table II shows the variations ii 
, value of surface coefficient with finish of die radiatf 
•face and wind velocity. Variation of surface coefftcte* 
acts a large difference in the insulation's surface 
nperature, but marginal difference to heat toss. Table j 
istrates the effect of surface coefficient on heat losse^ 
d surface temperature for a 150 mm pipe for differer 


Fig. 1 


Table-Ill 

Effect of surface coefficient on heat loss and surface temperature for a 

Galvanised . Aluminium 

mild steel 


f 50 mm pipe in ambient air at 30°C 

Temperature Insulation Cloth 

PC) q 


too 

25 mm, K = .041 

85.9 

100 

50 mm, K = .041 

42.0 

300 

50 mm, K = .052 

205.5 

300 

100 mm, K = .052 

94.1 

500 

100 mm, K = .067 

206.5 

500 

150 mm, K = .067 

127.9 


Is 

q 

h 

q 

h 

41 

87.9 

43 

78.8 

46 

36 

42.0 

37 

40.0 

39 

53 

203.0 

57 

196.6 

63 

42 

91 5 

44 

91.2 

48 

53 

204 9 

57 

201.3 

64 

45 

1264 

48 

124.3 

53 


K = thermal conductivity (kcal/hr/m/°C) 
t$ = sSurfacp temperature (°C) 
q = heat loss (kcal/hr/metre run) 

q = i^^=(0 2 -e a )f= ( -^~^ 

Where K T 

0, = the hot face temperature (°C) 

- 02 = the cold face temperature (°C) 

• 0 a = the ambient temperature (°C) 

L = the thickness of insulation (m) 

K = the thermal conductivity of insulation (kcal/hr/m/°C) 
f = the surface coefficient (kcal/hr/m 2 /°C) 

The surface temperature may then be calculated from the 
equation Q 

0 ? = 0 a 

For cylindrical surfaces, heat losses are given by 


*q 


(0i—0a) 



1 

f 


q = heat loss (kcal/hr/m 2 ) 

r, = the inner radius of insulation (m) 

r 2 = the outer radius of insulation (m) 


The surface temperature can then be 
equation 


02 




0a 


calculated from the 
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movement has a greater effect on heat loss 
than from insulated piping. Table IV 
effects of wind velocity on heat loss 
insulated surfaces. 


Htfe-rv 

Effect of wind velocity on heat loss 


Heat loss (kcal/pt/hr) 


$y Bare 25 mm. 50 mm 75 mm 100 mm 
nbcity Insulation Insulation Insulation Insulation 

js/sec) 


3415 

507 

307 

232 

191 

4197 

537 

319 

238 

198 

7086 

572 

330 

247 

205 

10490 

576 

336 

248 

206 


Details: 150 mm pipe at 300°C 

Ambient temperature = 30°C 
Insulation K = 0.0515 kcal/m/hr/°C 
Finish: Galvanized Mild Steel. 

Choice and properties of 
lagging material 

Cork, Felt and Straw 

These are natural and the cheapest lagging material 
available. Cork is probably the best of all materials due to 
its intricate natural structure. These materials are useful 
for temporary lagging as they can be conveniently wrapped 
around pipes with single strands of wire and string. They 
should not be used for surfaces hotter than 200°C as they 
are inflammable and get charred and brittle at moderate 
temperatures. 

K% Magnesia 

Ihis is light calcined magnesium carbonate with 15% 
amosite asbestos, moulded into standard pipe sections and 
Jther shapes. It is excellent, robust and economical in 
operation, but requires protection from the weather. It 
should not be used on surfaces whose temperature is over 
*00°C. This disadvantage can be overcome by interposing 
a thin layer of special cement between magnesia and the 
sot surface. Use of Magnesia as insulation has become 
fosolete these days. 

bbestos 

Asbestos is a natural mineral consisting of a variety of 
implicated silicate compunds generally containing 


calcium or iron or both: There arathany different types# 
asbestos used for lagging purposes — e.g. asbestos fibres 
and textiles produced by textile machinery In the tour of .*• 
opened fibre, yarn, sheet and mattresses which dan feeused 
upto temperatures of 250°C. • ' 

Asbestos or plastic sections and coatings which consist of 
short amosite or crocidotite fires witi a blending agent 
sprayed or moulded, can withstand temperatiyt^ 

Asbestos fibres are in general fire proof material of very 
low thermal conductivity. However, its use is being 
discontinued in some European countries due to health •> 
restrictions. 

Glass wool 

This is supplied as a staple fibre, continuous filaments, or 
in the form of mattresses, or m the form of semi rigid 
bonded slabs. 

Glass wool is relatively expensive, it irritates sensitive skin 
and can only be used on surfaces with a maximum 
temperature of 550°C, when loose and upto 250°C when 
bonded. 

Slag wool and rock wool 

These are made by centrifugal spinning process from 
molten slag or mineral rocks. 

They are good heat insulators and are comparatively less 
costlier. They can be applied to hot surfaces with 
temperatures upto 850°C and are available in the form of 
mattresses, blankets, moulded sections and insulating 
boards. 

Ceramic Fibres 

Ceramic fibres are pressed into a blanket for use up to 
1700°C. 

Types and forms of 
thermal insulation 

Thermal insulation materials can be divided into four 
types: 

a) Granular 

b) Fibrous 
cj Cellular 

d) Reflective. 

Granular, fibrous and cellular types rely on enclosed air or 
gas and minimum solid conduction paths for their thermal 
properties. Granular materials such as calcium silicate and 
diatomaceous earth (kiesel guhr), i.e. silceous particles 
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cwaposedof skettons of diatoms, containing air entrained 
in the matrix. Fibrous materials like mineral wool and 
refractory fibres contain air between the fibres and cellular 
finals such as cellular glass and foamed plakics 
contain small air or gas cells, sealed or partly sealed from 
each other. Reflective insulation consists of numerous 


layers or random packing of low emissivity foils such as 
aluminium. It is possible to have a combination of the 
above. The four types of insulation have varied physical 
characteristics and as insulation is required for a wide 
range of services, they are produced in many forms as 
shown in Table V. 


Tabte-V 

Forms of thermal insulation 


Form 

Description 

Examples 

Preformed 

Fabricated in such a manner that at least one surface 
conforms to the shape of the surface being insulated, 
this shape being permanently maintained. 

Rigid slabs & pipe sections of calcium 
silicate, mineral wool, cork. 

Plastic 

composition 

Insulation in a loose dry form which is prepared by 
mixing with water. 

Magnesia, calcium silicate, 
diatomaceous earth. 

Loose Fill 

Insulation in the form of powdered granules, loose, or 
pelleted fibres. 

Vermiculite, Mineral Wool 

Flexible 

Insulation materials which, lacking rigidity, tend to 
conform to the shape of the surface against which it 
is laid. 

Low density mineral wool 

Textile 

Insulation in the form of rope, cloth, etc. 

Asbestos, ceramic fibre ropes and 
fabrics. 

Mattress 

Flexible insulation faced or totally enclosed with fabric, 
wire netting, expanded metals, etc. 

Wire netted mineral wool mattress, 
asbestos and glass wool mattresses 

Reflective 

Insulation comprising numerous layers or random packing Aluminium foil, stainless steel foil, 
of low emissivity foils. 

Spray applied 

Insulation applied by machine in the form of spray. 
Insulation may be fibrous or granular material mixed 
with water or other suitable binder. 

Sprayed mineral fibre/ceramic fibre. 
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5|Sepnal insulating materials for use in the 

range of 50 to 1000°C are listed in Table VI 

'ii», 

►' i" 


001 


Type 


Availability Density 
in form 

kg/m 3 


l| Cellular glass 
gustos 

Cellular 

Fibrous 

3 } Glass fibre 

Fibrous 

4| Bock wool 
and slag wool 

Fibrous 

^ Calcium silicate 

Granular 

6) Magnesia 

Granular 

7) Silo 

Fibrous 

8) Aluminosilicate 
Aluminosilicate 

Fibrous 

Granular 

lOf Aluminium 

Reflective 

II (Stainless Steel 
12)Vermiculate 

Reflective 

Granular 


r Slabs, sections 

120-152 

Mattress, textile, 

80-250 

loose fill 


Slab, loose fill, 

12-80 

mattress 


Slab, preformed 

40-250 

sections, mattress¬ 


es, loose fill, 


sprayed 


Slab, section, 

240 

plastic, brick 


Slab, section, 

200 

plastic loose fill 


Loose fill, brick 

50-150 

Loose fill, mattress 50-250 

Textile, sprayable 

500-800 

Brid 


Reflective 

10-30 

Reflective 

300-600 

Plastic, wax fill 

50-500 


Thermal Approximate 
Conductivity Braking 
(kcal/m/hr/®C) temp. fC) 


.047 at 50°C 

430 

.042 at 40°C 

600 

.032 at 40°C 

400 

.051 at 150°€ 

* 

.032 at 40°C 
.036 to .045 
at 110°€ • 

.005 at 250°C 

800 

.051 at40°C 

850 

.05 at40°C 
.065 at 200°C 

300 

.033 at 40°C 
.07 at 250°C 
,081 at 250°C 

1000 

.028 to .071 

1200 

— 

1200 

.026 to036 
at 20°C 
.074 at 250°C 

500 

. 

800 

.073 at40°C 
.093 at 250°C 

1100 



Selection of lagging 
material 

The ultimate choice of a thermal insulating material is an 
engineering decision involving a number of factors, 
important among such are: 

1. The operating temperature of the system 

2. Thermal conductivity of the insulation 

3. Capability of the insulation in application to hot 
surfaces readily and cheaply 

4. Resistance to heat, weather and adverse atmospheric 
conditions 

5. Ability to withstand vibration, noise, and accidental 
mechanical damage 

6. Resistance to chemfcals 

7. Resistance to fire 

8. No shrinkage or cracking during use 

9. Jacketing the insulation 

10. Total cost including maintenance costs. 

Method of application of 
insulation 

Since most of the insulation materials are fibrous,and 
light they have to be applied at the correct density without 
leaving void, and should be properly supported. Therefore, 
the correct method for application of insulation is equally 
relevant in order to minimise heat losses. 

The Indian Standards Institution gives guidelines on the 
method of application of insulation, (Ref. IS: 7413-1981; 
Code of Practice for the Application and Finishing of 
Thermal Insulation Materials at Temperatures between 
40°C and 700°C) abstracts from which are given below: 

a) Methods of application 

All insulation materials, however fixed, should be applied 
so as to be in intimate contact with the surface to which 
they are applied; and the edges, or ends of sections, shall 
butt up close to one another over their whole surface 
except in special applications. 

While applying multi-layer insulation, all joints shall be 
staggered; and each layer shall be separately secured to 
the surface. 

In consideration of possible pipeline movement with 
change in fluid temperatures, different pipes should be 
separately insulated. 

The insulation shall be supported when applied to the 
sides of, or underneath large vessels or ducts or to long 
^uns of vertical piping. Supports are welded either to the 
■ot surface or to bands which are then strapped round the 


surface. These supports serve to hold the insulation in 
place, prevent its slipping, or support it above expansion 
joints. In addition, they provide necessary anchorage for 
lacing wire or wire-netting which may be required to hold 
the insulation in place and/or to provide reinforcement fa 
the insulation or a finishing material. 4 

Surface preparation 

Before application of the insulation, the surface is wire- 
brushed to remove dirt, rust, scale, oil, etc. and dried. " 

All surfaces are then brush-coated with a suitable anti¬ 
corrosive primer before insulating. 

Application of insulation 

The following methods are available for application of 
flexible insulation, rigid insulation etc. 

i) Flexible insulation 

Flexible materials, namely, mats or blankets faced on one 
or both sides with a suitable facing material are applied by 
means of tie wire or metal bands or wire netting on the 
outer side, and are suitably laced. 

ii) Rigid insulation 

Rigid insulation material, namely blocks or boards, maybe 
applied by means of suitable metal bands, or wire netting 
on the outer surface. 

iii) Thermal insulating cement 

Thermal insulating cements are supplied in the form of a 
dry powder, which is mixed with water to form a soft 
mortar of even consistency suitable for application by hand 
or with a trowel. 

Thermal insulating cements require heat for drying to 
ensure initial adhesion to the surface. All surfaces 
insulated with thermal insulating cements may, therefore, 
t?e kept warm throughout the application of the insulation 
as per specifications by the manufacturer of the cement. 

iv) Loose-fill insulation 

This may be adopted by agreement between the purchaser 
and the applicator. Loose-fill insulation is recommended 
for the following cases. 

a) Expansion/contraction joints in an application when 
rigid insulation has been used, or 

b) Specific areas of the equipment where conventional 
methods of application may not be possible and where 
packing a loose fill is the only possible method of 
providing insulation. 

Specific applications 

Insulation of pipes, ducts, vessels, etc., may be suitably 
carried out by any one of the methods already mentioned. 
However, specific considerations pertaining to insulation of 
pipes, ducts, vessels, etc are detailed below. 



Ji^continuous runs of 6 metres or more of vertical 
Spport rings are provided at not more than 3-metre 
jpjffcSuch rings encircle the pipe and the radial lugs 
with specified length equal .to 75 per cent of 
insulation thickness. 

jgqtts Wflien insulation is applied around the corners of 
feduct, care should be taken to counteract tendency for 
| ^material to thin down at these locations. 

All large vertical vessels with a height of 6 
or more are provided with support rings, at not 
than 3-metre intervals, such rings encompass the 
asset, and the radial lugs thereon have a length equal to 
^percent of the total insulation thickness. Extra 
filiation is provided over the support rings. This extends 
fer25 cm on each §ide of the ring and is extended to 
ficm for watershed on the upper side. 

Finishing 

detective coverings or finishes are required over the 
RStrfation for one or more of the following reasons: 

af Protection against mechanical damage 
l If Protection against weather or chemical attack 
4 Retardation of flame spread 
if Appearance 

d Providing the insulation with an easily cleaned surface 
f Identification of pipe or vessel. 

Protective finishes 

foe following are the commonly applied protective 

finishes: 

Finishing cement 

Mixtures of cement-sand or cement asbestos or asbestos- 
plaster of paris, with a minimum thickness of 10 mm or as 
specified and reinforced with wire netting of minimum 20 
mm mesh and 0.56 mm diameter or equivalent metal 
sheet. 

Bituminous plastics 

Minimum of 3 mm thickness with suitable reinforcement 
such as fabric or wire netting where necessary. 

Sheet metal 

Muminium, galvanized iron or mild steel shdet of .suitable 
hickness with provision of anti-corrosive paint on the 
nner surface. Galvanized iron or mild steel sheets. Sheets 
netal, whether applied to pipes or to vessels, may 
feferably be secured by metal bands. 

Ml joints between adjacent sheets should be either 
Wved or overlapped, 50 mm minimum against the 
rather, to prevent the ingress of rain water. 

tabestos cloth 

looting felt, jute canvas, scrim cloth are also used. 


Fittings 

The word 'fittings’ jndude® Ranges, valves 
expansion/contraction joints and other pipe fittings. 

Before insulation on fittings is undertaken, insulation of • 
the pipe, with its protective finish, must be compfeie& The 
insulation is stopped short of the fitting on both sides of 
the fittings so as to allow withdrawal of belts, without 
disturbing the insulation. The fitting is then insulated. 

Tracer lines 

While erecting tracer pipelines, it is necessary to maintain 
the closest possible contact between the main pipe and 
the tracer. 

Care may be taken to prevent insulation from tilling 
any space between the main pipe and.the tracer. 

Whatever insulation is applied, the pipe and tracer is 
encased in aluminium foil (0.1 mm thick) drawn up tight 
and laced with galvanized iron wire. The wrapped pipe and 
tracer may then be insulated with flexible insulation of 
thermal insulating cement in the same way as an ordinary 
pipe. 

Expansion joints in 
insulation 

Depending on the type of insulation usfed, the operating 
temperature and the nature of tire plant it may fee 
necessary to provide expansion joints or vessels or pipe® 
to prevent the insulation from rupturing or bucking when 
the hot surface expands or contracts. 

In all cases where support rings are prwxted on vessels or 
vertical pipes for rigid insulation materials, the insulation 
shall be stopped short about 5 mm from each ring and die 
space between the insulation and the ring fitted with a 
flexible insulation material. * . ^ 

On horizontal pipes and vessels, insulated with rigkf 
insulation materials or thermal insulation cements, 
expansion joints filled with flexible insulation material 
should be provided at suitable intervals. <’ 

Flexible thermal insulation, for this purpose, mineral wtiol 
rigid sections, used at temperatures not e&cceedSng 230 a C, 
do not normally need expansion joints. 

Where sheet metal is used as the finish, the jointe to the 
sheets over the expansion joints should not he QpQgMfd 
with screws. 

All other finishing materials may be earned ewer rnymk® 
joints in the insulation wdtiietf a joint. 



Use of moulded sections 

lagging materials can be obtained in bulk, in the form of 
moulded sections; semi-cylindrical for pipes, slabs for 
yessefs, etc. The main advantage of the moulded sections 
fe the ea se of application and replacement when 
undertaking repairs for damaged lagging, it is easier to 
replace a moulded section. Most of the damaged lagging 
can bp cut up into wedge sections for covering bends and 
awkward shapes. While a pipe is being taken down, most 
of the plasticid lagging is generally lost whereas sections 
may be recovered intact, with a little care. 


PARKER-KALON 
SCREWS 


22SWG 

SHEET- 


SECTIONAL 

LAGGING 



19SWG 
BINDING WIRE 


SECTIONAL MOULDED LAGGING 
Figure 2 


Fig. 2 shows the method of fastening the sections to the 
pipe by a spiral binding of soft wire. For a really neat job, 
the sheeting should be secured by means of a sheet metal 
screw. A quick rougher method can be utilised with soft 
wire binding. The wire should be twisted up fairly tight 
and when all the wires are in position on one section, the 
wire may be given a quarter kink with a pair of pliers to do 
the final tightening without the risk of snapping the wire 
at twist. 

Lagging flanges 

Some engineers generally commit the error of leaving the 
flanges and valves unlagged while insulating the piping 
systems. In fact, some insulating contractors recommend 
that flanges should not be lagged if operating 
temperatures are less than 20Q°C. Such recommendations 
show a complete lack of knowledge on the economy of 
insulation. Often, flanges are left bare, due to the fear that 
leaks may go undetected and that leakages may corrode 
the flange bolts. 

There are several reasons to dispel this practice. First of 
all, if the moulded box lagging is used for flanges, a 75 
mm length of a 6 mm pipe may be inserted into the 
bottom of the box to give an early warning of any leak. 
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Secondly, a really bad leak will soon make itself known 
Third, lagging the flanges is one of the best ways of 
stopping leaks. 

Bare flanges on hot lagged pipes introduce temperature 
stresses at the flanges which may be the cause of leaks 
Fig. 3 gives a sectional view of moulded lagging on pipe 
flange protected by sheet metal. The heat loss from 
uninsulated flanges-^nd valves is equal to approximately 
that from a 0.5 metre and a 1 metre bare piping 
respectively. The heat loss from an uninsulated flange may 
equal that from several metres of insulated piping, and a 
piping system with bare loss compared to that of a fully 
insulated system. The effect of retaining uninsulated 
piping, flanges and valves can be seen from Table VII 
below: 

Table VII 

Equivalent fuel loss from uninsulated surface 

Litres of furnace oil/ 
annum/metre length 


Tempera- Pipe Pipe Pipe Pipe Pipe 

ture dia dia dia dia dia 

(°C) (25mm) {50mm) (75mm) (100mm) (150mm) 


50 

15 

28 

40 

50 

68 

100 

74 

133 

190 

250 

360 

150 

160 

288 

410 

472 

680 

200 

248 

426 

620 

786 

1136 

250 

340 

628 

916 

1182 

1713 

300 

482 

895 

1290 

1628 

2428 


Assumptions 

a) Ambient Temperature' 3CKC for still air 

b) Hr of operation 8100 

c) Pipe external surface Mild Steel 
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SECTIONAL MOULDED LAGGING ON PIPE FLANGE 
PROTECTED BY SHEET STEEL 

m 

fable VIII below shows the equivalent wastage of bare 

surfaces. 

Table-VIII 


faaperature 

Surface coverd 

Surface covered 


with aluminium 

with galvanized 


sheet 

mild steel 

P0 

(Litres/annum) 

(Litres/annum) 

50 

80 

113 

IOO 

366 

520 

150 

708 

1050 

200 

1118 

1757 

250 

1588 

2660 

300 - 

2116 

4194 


Calculations based on 


3000 hours/year 

jverage ambient: 30°C 

itill air condition 

jailer efficiency: 81.8% 

toss Calorific Value: 10,300 kcal/kg 

>p. gravity of oil: 0.95 

Insulation of boilers 

toilers for power plants and industrial applications have 
membrane walls or skin casings on which thermal 
filiation is applied directly to the walls, without the need 
ar any refractory protective materials. Maximum 
3mperatures to which the boiler wall insulation is 
objected ate saturated steam conditions, which would not 


normally exceed 350PQ, Insulation ejf larg^feeilerw^s m 
usually achieved by theappficatfori § mineralfores fetei 
applied in two layers, secured to studs apdjfaj&hei **&,, 
either galvanized mild steel or aluminiumTrhe jns&tetteo 
chosen should be sufficiently resilient to accommodate ■ 
relative thermal expansion between boiler waS and ou ter 
metal finish. 


Insulation of gas flues 

Gas flues are insulated to maintain the required gas 
temperature in the chimney and to prevent corrosion by 
maintaining the temperature of flue walls above the dew 
point of gases. The vertical sides and bottom of the flue ‘ 
may be insulated with low density Insulation, supported on 
studs and reinforcing mesh, but the top of the fine whfcft 
is liable to foot traffic should be insulated with material of 
sufficient resistance to compression, in order to 
withstand imposed loads. The tops are normally 
insulated with calcium silicate or high density mineral 
wool. Expansion joints in gas flues should be insulated to 
prevent acid deposition. 


Open top tanks 

Open top tanks containing hot liquids lose energy through 
evaporation. Heat tosses can be appreciably reduced by 
floating a layer of potypropyline (plastic} spheres on the 
surface of the liquid Manufacturers claim a reduction of 
70% heat losses by floating a layer of 45 mm diameter . 
balls on the surface of liquids at 90°C. 


Insulating stainless steel 
surfaces 


Insulated austenitic stainless steel surfaces operating at 
temperatures above 70°C are liable to external stress 
corrosion, and cracking in the presence of chlorides. As 
most thermal insulating materials contain chlorides when 
manufactured, and may also pick 14 ) chlorides from toe 
atmosphere, it is necessary to take precautions when 
insulation is applied to stainless steel piping and 
equipment. It is recommended that a barrier be placed 
between the insulation and the stainless steel to prevent 
chlorides that may be leached out from being deposited on 
the stainless steel. The usual practice is to apply and fit 
aluminium foil no thinner than Oj 06 mm before toe 
insulation is applied. 

Painting treatments may also be applied to stainless*steels 
before insulation is applied. Furthermore, stainless steel 
surfaces should be adequately water-proofed to prevent 
ingress of water. 


11 










Optimum economic 
thickness 

insulation of any thermal system means capital 
expenditure. Hence, the most important factor in any 
insulation system is to analyse the thermal insulation with 
respect to cost. • 

The effectiveness of insulation follows the law of 
diminishing returns. Hence, there is a definite economic 
limit to the amount of insulation which is justified, 
i.e. there is a thickness below which the insulation is 
insufficient and loss of heat is more. An increased 
thickness is wasteful in terms of cost, and cannot be 
recovered through small heat savings. This limiting value, 
termed as economic thickness of insulation (ETI) is that 
thickness of insulation at which the costs of heat loss, 
plus the installed cost of insulation is at a minimum, over 
a given period of time. Fig. 4 below demonstrates this 
principle. 



INSULATION THICKNESS 


DETERMINATION OF THE ECONOMIC THICKNESS OF 
INSULATION MATERIAL. 

I: COST OF INSULATION H: COST OF HEAT LOSS 
l + H : TOTAL COST M: ECONOMIC THICKNESS 

(Fig. 4) 


The determination of economic thickness requires the 
attention to the following factors: 

i) Value of fuel (fuel cost plus cost of labour, 
maintenance, etc.) 

ii) Annual hours of operation 

iii) Heat content of fuel 

iv) Efficiency of combustion of fuel 

v) Average exposure ambient still air temperature 
vij Operating temperature of surface 

vii) Pipe diameter/thickness of surface 

viii) Estimated cost of insulation installed 

ix) Amortization period 

x) Heat loss per linear metre (or square metre, if a flat 
surface is used). 

After compiling the above data, the economic thickness is 
determined by first computing the heat loss per year on 
100 metres of the surface. Then the installed insulation 
cost per year is calculated. The latter figure is equal to the 
cost of 100 linear metres of insulation divided by the 
amortization period. Finally, the cost of heat is added to 
the insulation cost. After this summation is plotted for 
various values of insulation thickness, the lowest point on 
the curve indicates economic thickness; thus economic 
thickness pays for itself besides earning a return over its 
original cost, From this definition, any changes occurring in 
the prices of fuel or in the insulation cost will tend to shift 
the economic thickness to another value. Hence the * 
insulation levels which were uneconomical in the 70's 
may be quite lucrative now due to the drastic increase in 
fuel prices in the recent years. Based on the prevailing 
cost structure one has to review the entire insulation 
system and assess if any additional insulation is necessary 
to achieve optimum economy. Mathematical analysis for 
determining optimum economic thickness is as under: 

Cost of heat loss per year 

= a x N 

T^Th x p in Rs/ v ear 

where N = No. of hours of operation of plant per year 
P = Price of fuel in Rs/kg 
n = Efficiency of steam generation plant 
H = Gross calorific value of fuel in kcal/kg 
q = Heat in kcal/hr. 

Annual cost of insulation 

= c/a 

where c = cost of insulation including outer protection 
covering. 

Amortization period = a = 1 

M + ^ Year 

Where r is the percentage return on capital and z is plant 
life in years. 

The cost of heat losses per year is computed for a range of 
insulation thickness at 10 mm intervals and tabulated. 
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. aw added to each thickness and from that the 
(lost becomes apparent. 

I case illustrates the computation of economic 


industry has a package boiler using furnace oil 
pjuei. Efficiency of the package boiler is 80%. The plant 
-jgtesfor 6000 hours each year. It is now required to 
jjpa ta the economic thickness of insulation for 

iita surface whose hot face temperature is 100°C 
IseyMrical surface (steam pipe) where the hot surface 
temperature is 150°C. 

Ration material being used in both the cases is mineral 
ml with a density of 120 kg/m 3 . The outer surface of the 



insulation is covered with thin ahimfclumr sheet#:'. 1 .*. 
0.56 mm thickness. 


Cost of fuel (furnace oil) ' 
Calorific value of fuel , 

Boiler efficiency ■ j 
Plant operational hours/year 
Rate on Capital required 
Assume Plant Life 
Average ambient temperature 
Cost of useful heat , 


Years of repayment 
(amortization period) 


= Rs2.80/%r - 
= 10300 kcal/kg 

*• 80 % ■ •' * 
*8000 

. *20% S OJ20 . 

= 5 years 

= 30®C ••: 

_ 2.80 
“0.8x10300 , 

= Rs 0.00(B3/kcak» 


:—-r=2.5 yews. 
0 . 20 +^ 


ij Tabulation of heat losses and cost of insulation for flat surface at 100®€ 


nMon 

fekness 

m\ 

Heat loss/year 
kcal/m 2 

Annual cost (Rs/m 2 ) 
of 

Total cost 
_(Rs/m 2 ) 

Heat loss 
(kcal) 

(a) 

Insulation * 

(b) 

(a) + (b) 

25 

69.0 

138 

48 

186.0 

50 

45.6 

91.2 

57 

148.2 

75 

31.84 

63.68 

65 

128.68 

90 

27.53 

55.06 

75 

130.06 

00 

24.77 

49.54 

81 

130.54 

15 

21.57 

43.08 

87.5 

130.58 


(wiously, optimum thickness = 75 mm. 

Total cost of insulation 

Annual cost of insulation = —-- 

Amortization period 
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b) Tabulation of heat losses and insulation cost for cylindrical surface at 150°C 


Insulation 

thickness 

(mm) 

Heat loss/year 


Annual Cost (Rs/IOOm) 
of 


kcal 

m 2 

kcal 

100 m 

Heat loss 
(kcal) 

(a) 

Insulation* 

(b) 

Total cost 
(Rs/IOOm) 
(a) + (b) 

25 , 

152.68 

3817 

7642 

1660 

9302 

40 

128.16 

3204 

6408 

2140 

8548 

50 

116.38 

2909.5 

5819 

2480 

8299 

65 

103.76 

2594 

5188 

3027 

8215 

75 

98.08 

2452 

4904 

3320 

8224 

90 

90.60 

2265 

4530 

4220 

8750 

100 

88.80 

2220 

4440 

4540 

8980 


Therefore, optimum thickness = 65 mm. 

However for quicker evaluation of insulation levels 
required, the following approach may be adopted: 
i) Table IX below depicts the insulation level required for 
insulating hot surfaces (pipes and flat) as a rough guideline 
for small and medium industries 

Table-IX 

Recommended insulation thickness for cylindrical and flat surfaces 

Temperature Pipe Flat 


rtj 

25 mm dia 

50 mm dia 

75 mm dia 

100 mm dia 

(mm 

UptolOO 

25 

40 

50 

65 

75 

100-150 

40 

50 

65 

75 

100 

150-200 

50 

65 

75 

100 

125 

200-250 

50 

75 

100 

125 

150 

250-300 

65 

90 

115 

150 

175 


’Annual cost of insulation = 


Total cost of insula tion 
Amortization period 


a) The above insulation thickness is for mineral wool 
backed by a bright metallic surface 

b) It is assumed that furnace oil is the source of thermal 
energy. Prevailing price of furnace oil is taken as 

Rs 2,800/tonne 

c) Average utilisation of equipment is assumed to be 
6000hrs/annum 


ii) Though surface temperature of the insulation cannot 
indicate absolutely its effectiveness, yet the following 
norms may be adopted to evaluate the use of 
improving insulation levels. 

For a wall insulated surface, AT (temperature difference) 
between the surface temperature of insulation and 
ambient air should be less than the values indicated in the 
following table: 
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Tabfe-X 

lesirable temperature differential 
l^een surface and ambient 
Imperature 

f :~ pipe dia less than Pipe dia greater than 

t-y, 10 mm 100 mm flats 


operating Operating Operating Operating 

temp, less temp. temp, less temp, 

than greater than greater 

250°C 250°C 250°C than 250°C 


Bright 

Aluminium 

Galvanised 

Sheet <15 <15 <15 <20 

Dull Finish 
(cloth) 

cement, rough 

sheet <10 <10 <15 <15 


This booklet is one of a series on fuel oil conservation, 
others in the series are: 

1) Storage, handling and preparation of fueloil 

2) Combustion of fuel oils & burners — operation and 
maintenance 

3) Efficient generation of steam 

4) Efficient utilisation of steam 

5) Fuel economy in furnaces and waste heat recovery 

6) Refractory. 

Other books available with us are: 

1) Energy Audit 

2) Efficient operation of boilers and furnaces — an 
operators guide (available in 10 languages). 

PCRA films available for industrial 
sector: 

1) Tuning of Boilers and Furnaces 

2) Handling of Fuel Oils 

3) Efficient Utilisation of Steam in Industries (under 
production). 


REFERENCE: 

1. Efficient Use of Steam — Oliver Lyle 

2. The Efficient Use of Fuel — HMS0, London 

3. Refractories And Their Uses — Kenneth Shaw; 
Applied Science Publishers Ltd., London 

Courtesy— 

1. M/s Econtherm Systems Pvt. Ltd., New Delhi 

2. M/s Lloyd Insulation (Pvt.) Ltd., New Delhi. 
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This booklet is omp- of a series bn fuel oil eerasenfia&tora* 
others in the series are listed below: 

1) Storage, handling and preparation of fuel oil. 

2) Combustion of fuel oils & Burners—operation and 
maintenance. 

3) Efficient generation of steam. 

4) Efficient utilisation of steam. 

5) Refractories. 

6) Thermal insulation. 


PCRA films available for industrial sector. 

1) ''Tuning of Boilers and Furnaces". 

2) “Handling of Fuel Oils". 

3 ) “Efficient Utilisation of Steam in Industries" 
(under production). 



Set up a few years ago in anticipation of the world-wide oil 
crisis that's affecting us all today, PCRA seeks to promote 
efficient utilisation of petroleum products—in homes, in 
industries, in farms, on roads. Because till alternative sources 
of energy are found, we have to make the best use of the 
world's diminishing oil reserves. 



PETROLEUM CONSERVATION 
RESEARCH ASSOCIATION 

Petroleum Conservation Research 
Association, 1008, New Delhi House, 

27, Barakhamba Road, New Delhi - 110 001. 


SAVE OIL. 

Because oil isn't going to last forever. 
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Energy Audit 

A Jot of publicity has already been given to encourage 
energy conservation but not much is known about 
the specific ways and means to achieve the same. 
Energy Audit deals with this aspect at length. 

Energy Audit is the key to a systematic approach for 
decision-making in the area of energy management, it 
attempts to balance the total energy inputs with its 
useand serves to identify aU the energy streams in a 
facility, it quantifies energy usage according to its 
discrete functions 

Industrial Energy Audit is an effective tool in defining 
and pursuing comprehensive energy management 
programmes. In this field also, the basic functions of 
management like planning, decision-making, 
organising and controlling, apply equally as in any 
other management subject. These functions can be 
effectively performed,based on reliable information 
which can be made available to the top management 
by applying Energy Audit techniques. 


The Need 

With the advent of energy crisis and exponential hikes 
in the cost of different forms of energy, Energy Audit 
is manifesting its due importance in various sectors. 
Energy Audit will help to understand more about the 
ways energy and fuel are used in any industry,and 
help in identifying the areas where waste can occur 
and where scope for improvement exists. 

The Energy Audit would give a positive orientation to 
the energy cost reduction, preventive maintenance 
and quality control programmes which are vital for 
production and utility activities. Such an audit 
programme will help to keep alive variations which 
occur in the energy costs, availability and reliability of 
supply of energy, decide on appropriate energy mix, 
identify energy conservation technologies,retrofits 
for energy conservation equipment and the like. 

In general, Energy Audit is the translation of 
conservation ideas into realities, by blending 
technically feasible solutions with economic and other 
organisational considerations within a specified time 
frame. This technique will be more beneficial than 
piece-meal injection of short-term measures, without 
adopting a scientifically evolved strategy including 
gearing up of organisational structure and other 
infrastructural requirements. 


Type 

Energy Audit attempts to balance total input of 
energy with its use. The type of Energy Audit to be 
performed depends on: 

- the function and type of industry, 

- the depth to which final audit is needed, and 

- the potential and magnitude of cost reduction 
desired. 

The primary objective of Energy Audit is to 
determine ways to reduce energy consumption per 
unit of product output or to lower operating costs 
The extent and type of Energy Audit should result in 
gains commensurate with the efforts. 

There can be two types of Energy Audit— 

i) Preliminary Audit 

ii) Detailed Audit 

Preliminary Audit is performed in a limited span of 
time. It focuses on major energy supplies and 
demands, accounting for at least 70 per cent of total 
energy requirements. The Detailed Audit goes beyond 
quantitative estimates to costs and savings. It 
includes engineering recommendations and well 
defined projects with priorities. It accounts for 
approximately 95 per cent of energy utilised in the 
plant. A long range energy plan can be drawn up on 
the basis of data generated and analysed. 

The Preliminary Audit can be an effective follow up 
for measuring the progress of the Plant Energy 
Management Programme (if any) that has been 
drawn up earlier. It may also form the basis for 
deciding the modalities of Detailed Audit. 


types of audit are compared & shown in Table -1 



Methodology 

There is no set methodology which can be readily 
tailor-adapted for conducting Energy Audit in all 
plants. What works in one plant may fail in another. It 
depends on the management philosophy, history and 
culture of organisation, type of plant and machinery, 
financial conditions of the company and technological 
and process intricacies. In essence. Energy Audit 


'directs and controls the energy management^ 

programme. A general 

given in Appendix-1 which 

while carrying out an Energy.Audit 

management programme which canbeste^ea 

through a well conceived Energy Audi system is 

highlighted hereafter. . 


































Pre-Requisites 

Before starting any energy management programme, 
the top management should assign the 
responsibilities of energy accounting, auditing and 
analysis to an internal and/or an external group. The 
executives from various departments like production, 
utilities, maintenance and finance should be brought 
together in order to review the findings at periodic 
intervals.. 

Necessary financial, organisational and infrastructural 
support for implementing and reviewing energy 
conservation measures should be provided to this 
group. 

The involvement of the representatives from 
different departments/labour unions is necessary to 
make the energy conservation measures effective. 


Scope 

The needs and objectives of the Energy Audit are to 
be identified. The functional areas to be studied are 
selected,based on overall energy consumption figures 
of the organisation. 

The scope of an Energy Audit varies according to the 
facilities being audited. At one extreme is a light 
manufacturing operation where lighting, ventilation 
and air-conditioning are the major energy uses. While 
at the other end,there are integrated process units 
like refineries and petrochemical plants,where 
cascading of energy and complex energy balances are 
involved. The different scopes of Energy Audit are 
listed in Table 2. 


Table-2 







Iota Collection 

data concerning the overall energy 
imption, its cost and production figures for a 
‘ of the preceding five years have to be 
id. These figures, when compared, give a trend 
*gy consumption and its cost per unit 
paction over the years. The data can be compiled 
Afferent formats given in Tables 3,4,5. Energy 




consumption in different i 
in a common unit (Kcal/KWC.. . . 
comparison. AppencSx-il may be referred to for 
various Energy conversion factors As enerar , 

consumption is also related to production fpves.lt 
should be expressed in a common ternnfespeelic 
energy consumption- Kcal/unitof pcoductioa 


Table-3 Energy Consumption Figures 









Table-5 



The collection of data as indicated in the previous tables, needs metering facilities for energy used in 
different sections/departments. A fair approximation of energy consumption in different processes/ 
equipment can be made with the help of different standard data given in appendices-lll to VI. 
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Fig.2 


We diagram of energy consumption 


~1 
Coal 18% 


Electricity 23% 


Oil(steam) 59% 


Fig.1 


Data Analysis 

When sufficient data has been built up, the existing 
records of consumption should be reviewed. The 
energy consumption and production figures available 
can be refined to an appropriate form. 

A pictorial representation e.g. pie diagram,can be 
made to indicate the share of different forms of 


energy in the total energy consumption of the unit 
(Fig.1). 

A graphical representation of energy input per unit of 
product (specific energy consumption) over the years, 
as shown in Fig.2, will give an immediate insight into 
the trend of energy consumption. An increasing trend 
would call for a serious involvement in holding the line. 









Kan^y diagram, as illustrated in Fig.3, can be 
SSm for accounting eneray use and tosses in the 
Kut This can be accompanied by actions required 
^curtailing the consumption. 
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sanKey diagram of energy input and end uses: ail units. 
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By making a graph of specific energy consumption 
against product output from a large number of 
readings or as a result of trials, (Fig.4), it may be 
possible to pick out the best set of figures which can 
be used as a target for future output or to optimize 
the process for energy use. The comparison of 


operations. 

This is illustrated in Fig.5. Refining the data in various 
forms would thus help In locating the areas of high 
e 
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Energy Conservation 
Proposals 

Energy Audit results in energy conservation proposals 
or projects, initially, proposals with minimum 
investments are identified such as: 

* Improvements in the standard maintenance of 

■ thermal insulation, instrumentation, combustion 
equipment etc 

* Carrying out of plant efficiency trials 

* Excess air control 

* Stopping leakages 

* Re-allocation of electric motors. 

lie criteria used for ranking the proposals are the 
savings achievable from a project compared to the 
investments needed for effecting these savings. The 
savings to investment ratio (SIR) is calculated and the 
prefect with the highest SIR is selected first then the 
next highest and so on. Proposed projects, however, 
should provide an adequate financial return on the 
capital required to complete them. A discounted Cash 
Flow and/or life Cycle Cost Analysis of the project 
should be carried out to get a complete economic 
analysis of the proposal. The following guidelines are 
recommended for approval of smaller size, working 
budget type energy conservation projects. 


Anticipated Real Project Life 

Payback 

5 years 

2 years 

10 years 

3 years 

15 years 

4 years 


An effective campaign on educating the employees in 
the unit by way of posters, house magazines, 
suggestion box, involvement of unions, training 
programmes and incentive schemes should be given 
due attention to help imbibe the energy 
conservation attitude. 


Control 

A reporting system of energy consumption should be 
devised and incorporated in the Management 
Information Systems. This will help in evaluating and 
reviewing the different energy conservation 
programmes implemented. 

This necessarily calls for proper metering system at 
key points. The reliability of the data is most 
important. It otherwise, would jeopardise the whole 
exercise. The data thus generated will give a clear 


picture of the status of different energy conservation 
proposals/projects against the targeted value it 
leaves enough room to re-organise the programmes 
accordingly, if the results are found far short of the 
target. 

Periodicity Of The Audit 

It is too much to expect a common answer to the 
question of periodicity of Energy Audit. It depends on 
the type of audit undertaken previously, pace of 
implementation of energy conservation programme 
in the recent past, overall potential for energy 
conservation and several other factors. It can be 
• better decided by professionals involved in the latest 
Energy Audit exercise undertaken in the plant or on 
the basis of a preliminary audit, specially being 
undertaken for the above purpose. However, for a 
beginning the periodicity suggested in Table-1 would' 
be adequate. 


Conclusion 

Energy Audit is an effective tool in defining and . 
pursuing a comprehensive energy management 
programme. A careful audit of any type will give the 
unit a plan with which it can effectively manage the 
plant energy system at minimum energy costs. This 
approach would be useful for industries in combating 
escalating energy costs and also reap several other 
benefits like improved production, better quality, 
higher profits, lower emission, etc. The approach 
would broadly be the same in any type of industry 
and service. The basic formats may have to be 
suitably modified for different types of industries. 
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General Questionnaire 

l internal control Questionnaire 

Name of company:. 


msm 


OfficiaKs) interviewed:. 

A Control of Energy 

1 Who is responsible for energy management? 
Name: 

Position in organisation: 

Full time or part time: 

Qualifications, relevant experience: 

Staff: 


2. How is energy consumption reviewed? 
From head office or on location: 
Continuously or periodically: 
According to a pian or irregularly. 


3. If periodically, when was the last review? 

4. How is energy consumption analysed? 

By department; 

By product; 

By source; 

By month; 

By cost. 


Between lighting, hot water, space heating, power,etc. 
Between office, factory, warehouse, transport, etc. 

5. Does analysis identify the relationship between 
consumption of energy and level of activity? 

6. What units of measurement are used? (it may be 
useful to convert consumption of different sorts 
of energy into one unit - other than money.) 

7. What are the metering control arrangements? 

(N.B. This question includes: 

How frequently are readings taken? 

To what extent is there submetering? 

What records are kept?) 

Coal or other solid fuels; 

Steam; 

Gas; 

Electricity; 

Liquid fuels; 

Water; 

Others; 

8. Is there an energy consumption forecast/budget? 

9. Have standards been set—Lestandard energy 
consumption for each process or building? 



12. (a) Does management consider toftxmatto n 
on energy consumption an essential part' 
of the management information system?, 


(b) if not why? 


13. What steps have been taken t3ff way pfedwatton 
of employeesv to promote eneigy.oonser y adon? 

14. What steps are being/have been taken Nr re¬ 
cycling energy- 

e.g. sale of by-products or sen# 

energy content)? . ,, 

- reclamation#energy as Seat item#, 
water, hot products etc? t f * 

- recovery of heat from teherattefiif wash? 

15. To what extent is pianred/natotenanoe to 

operation? " .. ' 

16. How often are different daese&of ptont, 

inspected or tested- * .. " . 

•e.g. for corrosion, cracking fbulto& . 

malfunctioning steam traps, inaccurate or 
inoperative conftrol 

17. Who controls capital spercSng feu#|C? , 

18. (a) is there a 1st of energy saving Itoetonts 

under review, ranked to order of prtoity^ 
detailed costing and pay-back catatetton? 

(b) if not why? ", 

19. Has a Sankey diagram beep prepared? 

(Rg. s ' 

4 i 4 


a Sources of Energy 

1 What are the sources of energy used? 
Coal or other sofid fuels; 

Gas; 

Eiectiicityi 
Liquid fuels,- 
Others; 

2 (a) What tariffs are used? 

(teWhy? 

(c) When were they fest reviewed? 







c uses of Energy 

1‘Storage 

<a) How are storage tanks heated? 

(ty Are they kept at. most economic temperature? 

(c) Are thev adequately insulated? 

2. What are areas of High energy consumption? 

3. Is there any 1 risk/evidence of unauthorised 
use or leakage? 

4. What further steps are being considered to 
optimise savings and profits? 

5. Processes: 

(a) Are pipes and tanks adequately tagged? 

ft) is condensate recovered? 

pis boiler and furnace efficiency tested? 

(d) Are process temperatures at lowest 
essential level? 


II. General Audit Programme 

A Records of consumption 

t. Produce detailed analysis of energy consumed over 
the most recent year. Show the amount and cost 
per unit of each fuel. (This will be used for the 
purpose of the current audit and for providing a 
baseline for comparison with later years). 

2. Review existing records of consumption and 
determine if adequate information is available to 
management 

3. Draw Sankey Diagram (See Fig. 3). 

4. Compare consumption with: 

(a) Other locations 

(b) Previous periods 

(c) Budget 

5. Compare standard consumption to actual for each 
process, and identify losses. 

6. Test meter readings against records. 

7. Test records against invoices. 

B. Housekeeping 

1. Check that all control mechanisms are effective 
and frequently tested. 

2. Consider whether further instruments would be 
useful in measuring or controlling particular 
parameters (eg. temperature, pressure, humidity, 
flowrate). 

3. Determine whether maintenance is adequate (eg. 
annual cleaning of boilers is unlikely to be 
sufficient to avoid fouling and corrosion of tubes). 

4. Consider how maintenance could be improved; 

— more skilled manpower, 

- design change (eg. fitting of by-pass facilities, 
pipe line strainers, sight glasses of steam 
traps etc.) 


5. Review fuel storage and handling 
' “ eSte Wh6ther temperatures are ad «Me or 


- consider whether vapourisation could be 
reduced (eg. by reducing the vapour sDace 
above volatile liquids). pace 

6. Review space heating/cooling: 


- check that the installation has fast 
response to control. 


- check that control devices are protected 
from unauthorised interference. 

~ check that temperature, air movement and 
ventilation are not excessive. 


- ensure windows are not used for temperature 
control in heated buildings. w e 

- check insulation throughout: 


plant, including tanks and pipe runs 

roofs, 

walls, 

doors, windows, 


floors, etc 


- check that systems.are properly integrated (i.e 
boiler and refrigerator plants do not conflict).' 

-review heating installation. 

(NB: The purpose of this audit step, in 
conjunction with (A) above, is to determine when 
and how much heat is lost, with a view to 
recommending remedial action, if appropriate.) 

7. Review lighting: 

- consider if the most efficient form of lighting 
is used for each purpose. 

- check lighting levels maintain proper 
illumination. 


8. Review tariffs or contracts for supply of energy: 

- ensure the most appropriate tariffs are used, 
discuss with suppliers,if appropriate. 

9. Check all reasonable steps are taken to minimise 
peak demands for electricity e.g.: 

- re-schedule tasks to off-peak periods. 


- use an emergency type diesel generator 

as booster/ alternative to electricity, preferably 
including waste heat recovery. 

- monitor consumption precisely. 

- use maximum demand meter. 

10.Consider the feasibility of using night rate 
electricity. 

11 Consider sub-metering, so that consumption 
can be broken down into controllable units, i.e. 
cost centres, thereby making some individual 
personally responsible. 


C personnel 

1 Consider if specialist workers are adequately 
trained and motivated, e.g.: 

-energy manager, 

-maintenance engineer, 

-instrument engineer. 

-furnace operator, 

2. Review energy conservation propaganda or 
education, e.g.: 

- posters, 

- house magazines, 

- circulars 

- requests for suggestions from employees, 
-talks and short courses. 

-involvement of unions. 


AftwrifeHl I 
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Conversion Factors 
And Energy Units 

1 Btu = 1.05S K. Joules 
IBtu/lb = 0,002326 MJ/Kg. 

1 MJ/Kg. . = 429,9 Btu/ltl 
1 therm. , = 10.0,000 Btu=29.3 KWH=105.5 MJ 
1 megajoule = 947.8 Btu =0.2778 Ml ■ 

= 0.009478 therm 
icu.ft. = 0.02832 cum. 

1 cu. metre = 35.315 eft 
IMJ/cu.m. = 26,84 Btu/cu.ft 
1 Kwh = 3.6Mje=860K.cal 


D. capital investment 

1 Review energy related capital projects under 

consideration: 

- check calculation of return/pay-back, 

- review arguments for and against making the 
investment 

- check that tax implications are correctly taken 
into account. 

2. Review efficiency of furnaces, boilers and process 

equipment. 

(NB/.About 86 per cent of all energy used by 

industry is converted in boilers or furnaces) 

- Consider whether they should be replaced 
(advantage of PCRA boiler replacement scheme 
could be taken). 

- Consider whether they should be modified: 
by pre-heating air, 

by adding metering facilities, 
by recovering waste heat 
by improved insulation, 
by replacing burners (Modern burners 
have improved turndown capability 
which can beiuseful if there is a 
fluctuating load/demand and can show 
a 30 per cent return on capital), 
by adding economisers, 
by returning condensate to boilers, 

- consider the size of equipment vis-a-vis demand. 

- determine whether use of cooling water 
is restricted to an economic level. 


Abbreviations 

K (Kilo) -10* (thousand) 

M(Mega) -Knmiton) 

GftGiga) -l0 9 (W®on) 

T(Tera) -1G 12 (triton) 

P(Peta) -10 15 

E(Exa) -10* 


Energy Form And 
Conversion To GJ: 


a. Electricity (KWH) = 0.0036 6J 

b. Fuel oil (tonnes) = 43.75 GJ 
C. industrial diesel oil 

(tonnes) = 45.5 GJ 

d. Automotive distillate 

(litres) = 0.0383 GJ 

e. Kerosene (litres) = 0.0375 GJ 

f. LPG (tonnes) = 50.3 GJ 

(litres) = 0.0266 GJ 

g. Coal (Black) tonne = 30.7 GJ 

(Brown) tonne = 9.7 GJ 


Appendix -hi 



Flash steam is formed when there is a drop in condensate pressure - which, normally, is immediately after the 
steam trap orifice. Flash steam can be used locally which results in substantial savings. The amount of 
condensate re-evaporation to steam depends on the difference in pressure. The higher the initial pressure and 
the lower the flash recovery pressure, the greater will be the flash steam formed. The figure shown above gives 
the amount of flash steam available at different pressure levels. 

































“Table 2 


Capacity Of Pipelines 

Pipeline capacities at specific veiocities-Mefflc units 
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pressure Velocity 






ko/h 






bar 

m/s 

15 mm 20 mm 25 mm 32 mm 40 mm 50 mm 65 mm 80 mml00nwi}l25iwnl50n«ij 

0.4 

15 

7 

14 

24 

37 

52 

99 

145 

,213 

394 

648 

917 


25 

10 

25 

40 

62 

92 

162 

265 

384 

675 

972 

1457 


40 

17 

55 

64 

102 

142 

265 

403 

576 

1037 

1670 

m 

0.7 

15 

7 

16 

25 

40 

59 

109 

166 

250 

431 

680 

1006 


25 

12 

25 

45 

72 

100 

182 

287 

430 

716 

1145 

1575 


40 

18 

37 

68 

106 

167 

298 

428 

630 

1108 

1712 

2417 

1.0 

15 

8 

17 

29 

43 

65 

112 

182 

260 

470 

694 

TO20 


25 

12 

26 

48 

72 

100 

193 

300 

445 

730 

1160 

1660 


40 

19 

39 

71 

112 

172 

311 

465 

640 

1150 

1800 

2500 

2.0 

15 

12 

25 

45 

70 

100 

182 

280 

410 

715 

1125 

1580 


25 

19 

43 

70 

112 

162 

295 

428 

656 

1215 

1755 

2520 


40 

30 

64 

115 

178 

275 

475 

745 

1010 

1895 

2925 

4175 

3.0 

15 

16 

37 

60 

93 

127 

245 

385 

535 

925 

1505 

2040 


25 

26 

56 

100 

152 

225 

425 

632 

910 

1580 

2480 

3440 


40 

41 

87 

157 

250 

357 

595 

1025 

1460 

2540 

4050 

5940 

4.0 

15 

19 

42 

70 

108 

156 

281 

432 

635 

1166 

1685 

2460 


25 

30 

63 

115 

180 

270 

450 

742 

1080 

1980 

2925 

4225 


40 

49 

116 

197 

295 

456 

796 

1247 

1825 

3120 

4940 

7050 

5.0 

15 

22 

49 

87 

128 

187 

352 

526 

770 

1295 

2105 

ms 


25 

36 

81 

135 

211 

308 

548 

885 

1265 

2110 

3540 

5150 


40 

59 

131 

225 

338 

495 

855 

1350 

1890 

3510 

5400 

7870 

6.0 

15 

26 

59 

105 

153 

225 

425 

632 

925 

1555 

2525 

3400 


25 

43 

97 

162 

253 

370 

658 

1065 

1520 

2530 

4250 

6175 


40 

71 

157 

270 

405 

595 

1025 

1620 

2270 

4210 

6475 

9445 

7.0 

15 

29 

.63 

110 

165 

260 

445 

705 

952 

1815 

2765 

3990 


25 

49 

114 

190 

288 

450 

785 

1205 

1750 

3025 

4815 

6900 


40 

76 

177 

303 

455 

690 

1210 

1865 

2520 

4585 

7560 10880 

8.0 

15 

32 

70 

126 

190 

285 

475 

800 

1125 

1990 

3025 

4540 


25 

54 

122 

205 

320 

465 

810 

1260 

1870 

3240 

5220 

7120 


40 

84 

192 

327 

510 

730 

1370 

2065 

3120 

5135 

8595 mm 

100 

15 

41 

95 

155 

250 

372 

626 

1012 

1465 

2495 

3995 

5860 


25 

66 

145 

257 

405 

562 

990 

1530 

2205 

3825 

6295 

8995 


Li J 

40 

104 

216 

408 

615 

910 

1635 

2545 

3600 

6230 

9880 14590 


15 

25 

40 


50 121 
85 195 

126 305 


205 310 465 
331 520 740 
555 825 1210 


810 1270 1870 
1375 2080 3120 
2195 3425 4735 


3220 5215 7390 
5200 8500 12560 
8510 13050 18630 


14.0 
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This nomograph is made in two parts. Left hand side provides the maximum possible mass flow rates andthe 

ngnt hand side gives the maximum possible volume flow rates of liquids, the volume being measured at the 
specific flow conditions. 


Problem: 

Find the maximum flow rate possible when a liquid 
with a specific gravity of 0,8 is flowing through a pipe 
having an internal diameter of 6 inches. 


Solution: 

Use a straightedge to connect 6 on scale with 0.8 on 
primary scale SO and extend the line to intersect scale 
W, reading the maximum flow rate as 32,000 Ib/hr. 
Connect 320,000 on scale W with 0.8 on secondary 
scale SO and where scale Q is crossed, read the 
maximum possible volume flow rate as 6400 cu.ft/hr. 


FLOWING SPECIFIC GRAVITY (WATERED (SECONDARY SCALE) 
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Each motor has a unique efficiency cuwe but ^ or aboirt 100 percs«t 

shown here. Manufacturers generally design their _ another and specific efficiency aives 

of full load if efficiency of one ™tons ten W - 

S magnrtudes differ. - 
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The following PCRA booklets on Efficient Otisatton 
of Fuel Oils in Industry, are available: 

1. Storage, handling and preparation of fuel oil 

2. Combustion of fuel oils & Burners—operation 
and maintenance. 

3. Efficient generation of steam. 

4. Efficient utilisation of steam. 

5. Fuel economy in furnaces and waste beat 
recovery. 

6. Refractories 

7. Thermal Insulation 

PCRA films available for Industrial sector: 

1. "Tuning of Boilers and Furnaces" 

2. "Handling of Fuel Oils" 

3. "Efficient Utisatlon of Steam In industries - 
(under production^ 




EFFICIENT OPERATION 

OF BOILERS AND FURNACES 

' » 

/ 

4 % 



reduction 

e efficiency of a boiler or furnace 
sends on how efficient the 
mbustion system is and how best 
3 being operated. This involves 
owing correct methods for 
cient boiler and furnace 
sration. 

is booklet provides guidelines for 
per operation and maintenance 
boilers and furnaces and for a 
.per understanding of steam 
neration, distribution and 
isation. 






























2. Prevent o§ leak 

* 


Stop oil leaks from 
flanges, valves, joints' 
bends promptly, A tea 
one drop every secor 
amounts to a loss of i 
4,000 litres of oil pen 


i 












5. Maintain correct 
preheat temperature of 
oil 

Use oUt-flow heater in the 
main storage tank only 
during winter. Take care to 
maintain the temperature 
between 30°-35°C for 









6. Maintain correct pressure of 
oil andairai burner 



Bur^lype Oil pressure Air pressure 

LAP m 0.6-0.8 kg/cm 2 60 cm of water gauge 

MAP|: , 6-7 kg/cm 2 2-3 kg/cm 2 

Preside jet 14-18 kg/cm 2 





7. Smoke indicates 
combustion condition 

A lot of fuel is wasted 
when black smoke comes 
out from the chimney. This 
indicates poor combustion. 








4,5%, it shows .th#:" 
more of excess aif, 


Excess air would mate' 






9. Replace cracked 
burner blocks fast 


A cracked or damaged 
burner block will disturb the 
shape of the flame and 
result in poor combustion. 
This will also pause 
problems in restarting the 
furnace or boiler. 


10. Clean burner 
nozzles regularly 

It is a good practice to 
clean burnpr nozzles at least 
once in a shift, First of all, 
soak the nozzles in 
kerosene and after a while, 
when deposits are well 
soaked, remove the carbon 
particles by rubbing them 
away. Use some soft wire 
like copper. Never use steel 
wire as this'would damage 
the nozzles. Always keep 
some spare nozzles handy 




Take care to place the 
flame, either from a torch 


any other sourge, only in 









(ii) Operations 


Check ifihe oil is preheated 
to the correct temperature 
(about 100°C) at the burner, 
tip. Also check for the 
correct air pressure for your 
burner and make sure that 
no oil drips anywhere. 

Align the burner, making 
sure that the flame does not 
strike on the refractory walls 
or charge. Flame 
impingement on the material 
does not help either in 
reducing the heating time 
or fuel consumption. 


Adjust the length of the 
flame to suit the conditions, 
making sure that the flame 
does not leap out of the 
furnace. 










(iv) Shut down 














Do not keep the burner 
nozzle exposed to the '• 
radiant heat of the furnace. 
When you shut off #ie oi. 
take care to remove the 
burner/nozzle or place a 
thin refractory boween the 
nozzle and the furnace. 



111. Steam 
Generation 


12. Keep water level 
between half and two 
third in the gauge glass 


If the water level is higher, it 
will be carried over along 
with steam. On the contrary, 
it is dangerous if the water 
level is low. 


13. Blow down the 
Boiler regularly 

Blowing down regularly 
reduces water-side scale 
formation on the sides. A 
scale formation of 1 mm 
thickness on the water, side 
would increase your fuel 
consumption by 5-8%. On 
the other hand, excessive 
blow down also wastes fuel 


i 










15. Analyse flue gases 
regularly 

Flue gases need to be 
analysed frequently. Always 
maintain 12.5% to 13% 
carbon-di-oxide or 4-5% 
oxygen. 

If the flue gas tamperature 
rises about 40°C above the 
required normal (i.e. 180- 
200°C), then it should be 
reported immediately, for it 
is 1 a sign of soot deposition. 
Even a soot of 3 mm 
thickness on the heat 
transfer surface can 
increase your fuel 
consumption by as much as 
2 to 5%. 


16. Check feed water 
temperature 

A sudden increase in feed 
water temperature is not 
normal and may result in 
damaging the .feed water 
pump. Check feed water 
temperature frequently. 
Report wide variations 
promptly. 




a) Steam leak ,■ 


b) Sagged pipelines' 

c) Damaged insulation # 
pipelines, flanges and • 



V. Efficient Steam : 
Usage 

i 

IS. Stop steam leakages! 


Attend to stearrvteak j 

promptly. "J, - j 

A 3rr>m diameter leak bn a I 

pipeline carrying 7kg/cm 2 ; 

steam would amount to a , 

waste ot 32,000 litres of , 

furnace oil per year. > 



19. Use right quality 
steam 



1 . 


Use dry steam at the 
required pressure and not at 
a higher pressure. Use 
steam at 0.5-1 kg/cm 2 for 
open steam injection. 


20. Check steam traps 



Keep the sight glass clean. 
Do not keep the by-pass 
valves open. 

Report leaking traps 
immediately. 




















23. Prevent sudden 
boiler toad fluctuation 

Inform start-up/shut down 
of steam consuming 
machines well in, advance 
so that steam supply could 
■be properly regulated from 
the boiler house in time. 
























27, Close all openings. 
Including inspection 
holes 

Even small openings result 
in a lot of heatlbss and 
thereby fuel wantage. 



28. Prevent air 
infiltration through 
furnace brick work 



Infiltrated air cools down the 
furnace and increases fuel 
consumption as well as 
scale losses. 


29. Operate the furnace 
at a slight positive 


A slight positive pressure 
will prevent air infiltration. A 
simple way to check 
positive pressure is to hold 
a thread in front of the 
inspection hole or any other 
opening of the furnace. If 
the thread is sucked in, then 
the furnace is under 
negative pressure. If the 
thread is blown out, the 
furnace is under positive 










products., 

A temperature that is t)l| 
than required would onl f 
use up more.fuel. 





31. Load the furnace 
Its rated capacity 

Overloading or underloar 
uses up more fuel. ■ 










WASTE GAS 

_ A 


32. Recoverwaste heat 


arragsainsltte 
heal from waste! 

- »Tn-«v£ 

Keep the ,gp$ 


check the tempera!um $f 
preheated air. 

r 11 i V 

Increase in ffu© gas 
temperature or decrease m 
air-preheat temperature 
after the recuperator 
indicates the need for • 
cleaning of the recuperator 1 
tubes. ■ 1 


rSULATlON AND 
IETALCOVERING 


HOTAIR 

TO 

PROCESS 

«l 
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